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leading edge device, only Teradyne provides the superior tech- 
nology you need to test devices thoroughly, while lowering 
your cost-to-test. Plus Teradyne’s test floor management tools 
allow you to collect and analyze device performance data and 
make adjustments automatically to improve yields. 


Teradyne helps you test the future now. 

Teradyne’s next-generation test systems are already in place, 
OD OLS LUCIO? CexSIU LESw CO)GROLULARGLUISINO)INC) CCH ICON WeLLMBONTeHTIMA NN Ks 
ready to help you cut critical product development time, fully 











characterize your devices, and get your next-generation prod- 
ucts to market faster. | | 
To find out how we can help you, call Terrence Drula at (617) 
482-2700, ext. 2125. Or write him c/o Teradyne, 321 Harrison 
Ave., Boston, MA 02118. Or contact your nearest Teradyne office. 
Teradyne Compo- 
nent Test Systems. 
What it takes to make 
the future work for you. 
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SO YOU’VE GOT A MILLION TRANSISTORS 
As anew communications art form, 

today’s mega-microprocessor announcements 
are a tough act—of faith—to follow 
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W: are about a month shy of announcing a full line of compo- 
nents based on deuterium-enriched palladium. However, even 
if we had that story in the bag, it would still probably have yielded 
up this issue’s cover to the microprocessor report (p. 70). No matter 
how you cut it—RISC vs. CISC, Intel against Motorola, quantum 
leaps for hardware opposed to the Black Hole of lagging software 
development—the microprocessor circus is today’s hot ticket. 

There was a time when you could say with certainty that, as an in- 
dustry-wide syndrome, the marketeers were constantly co-opting 
the techies. Now, very possibly, things have swung the other way. 
Processor performance has outstripped even the ad writers’ capaci- 
ty for the appropriate hyperbole. For example, the frustrated 
wordsmith charged with polishing one trade ad for Sun’s new 
SPARCstation could but refer to its “blinding speeds’ —which is cer- 
tainly an attribute I would prefer not to see (pardon the pun) in my 
work station. At the same time, responsible, technically grounded 
managers like Intel’s microprocessor chief, David House, can look 
you right in the eye and promise, because his company’s new 80486 
is such a wonderfully compatible chip off the old block, to ‘protect 
your $15 billion software investment.” 

I don’t know of any discrete organization—even one that might 
have paid full price—with anything like $15 billion tied up in soft- 
ware. House can be excused, of course, because he was—or believed 
he was—addressing an entire universe. 

It is not wrong to think in terms of marketing to a universe. It 
could be a trap, however, to forget that universes are composed of 
individual users. Individual users who, over the course of the ensu- 
ing year, will have an opportunity to discover for themselves that 
mips can be manipulated, flops will fluctuate, that pipelines can 
stall, and that a superfast CPU coupled with available commodity 
RAM can amount to a floating submarine. Thus, from that perspec- 
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tive, does the power and glory of the typical new microprocessor run 
downhill, these days, from the time of its introduction. The higher 
its raw, naked power at birth the more it may seem, in eventual sys- 
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tem configuration, to degrade. 

All of which is to say that, ultimately, the delivery of total sys- 
tems performance—real-world value—is what will determine the 
true merit of these wonder chips. It may be worth pausing to consid- 
er something that used to be called the home-computer market. Ac- 
cording to the San Francisco consulting firm Volpe & Covington, 
American households are currently throwing out computers at the 
rate of 1.3 million per year, or about one for every three that are be- 
ing installed. These are mostly toylike machines, many that cost less 
than $500, bearing little resemblance to the PCs people buy for home 

_ use today. But inside some of them you’ll find microprocessors that 
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you change your mind. 

What did you expect from the 
people who invented PAL devices? 

The largest and most experienced 
Field Application Engineer force is as 
close as your phone all during your design- 
in process. 

Our TestPro™ Centers give you 


access to superior testing and program- 
ming support. Just call your AMD sales 
office for the center nearest you. 

And weve kept the classic PALASM® 





software up to date with our parts and your 
needs. 

Most important, you can get your 
hands on our parts. They're all in high 
volume supplies. 

Its hard enough to get what you 
want in life without passing up 8000000 
more chances. 


Advanced Micro Devices <1 
Monolithic Memories 


For more information write “CMOS PAL’ on your letterhead and send to: 
AMD Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 


Bruxelles (02-2) 771 91 42 * Geneva (02) 2880025 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 * London area (0483) 740440 « Manchester area (0925) 828008 * Milano (02) 3533241 
Munchen (089) 41 14-0 « Osaka (06) 243-3250 « Paris (1) 49 75 10 10 « Seoul (02) 784-7598 « Singapore (65) 348 1188 * Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 * Taiwan (02) 7213393 
Tokyo (03) 345-8241 « Latin America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 TIx: (510) 955-4261 amd ftl 
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The new sv Series IPI-2 VME disk imaging and eae publishing. And RISC a 
controllers from Xylogics oe prodigy will find the SV Series eliminates major disk 1/0 


of data rate performance. bottlenecks. 
For a complete list of features and specifications 


Xylogics announces the SV7800 and SV6800 single- on the newest, most remarkable members of the = 
board disk controllers for VMEbus systems that will Xylogics family, the $V7800 and SVOSR controllers, Sa. 08 
more than triple the disk data transfer rate currently call or write today. = : 


available. With internal data paths up to 80 MB/sec, 
the SV Series controllers can sustain a data rate 
across the VMEbus of more than 35 MB/sec. This 
more than doubles the rates of current controller 
solutions. And our SV Series features a new 
“Universal Bus Silicon’’ architecture that sets the | | 
Stage for future generations of controllers. Corporate Headquarters: International Subsidiary: 





Your Partner For Performance — 





Addressing a-critical market need for faster, higher es se 7 Coe oes ee = 
Capacity disk storage at an affordable price, the Burlington, MA 01803 _ Stony Stratford — 
$V7800 and SV6800 IPI-2 controllers are the new (617) 272-8140. ~ Milton Keynes MK11 IBY = oe 
standard for data-intensive applications such as __ ~ United Kingdom eS 
supercomputing, real-time data acquisition, graphics, 2 et ieee 
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British Aerospace have used N , << 
nsputers to develop a low-cost : 
at simulator comprising a flat 
rd, QroUNd- vn», agnor’ 
1, buildings, ~* ~ 
25 and mountains — 
1. an optional Head- 
display. Future enhancements 
include the addition of undulating 
‘ain and a single or triple window 
play option. 

American companies are also using 
insputers to build high-performance 
ht simulators more cheaply. One U.S. 
inufacturer utilizes over one thousand 
00 processors per system. 













System Control 

As the number of Transputers in a 
system design are increased, a proportional 
increase in performance can be achieved. 

In West Germany, Parsytec GmbH is 
using this principle in their Megaframe 
Superclusters. Superclusters represent a 
complete series of reconfigurable industrial 
control boards as used in the automotive 
industry, which exploit the Transputer’s 
parallel processing capability. 


D Rendering 

Pixar in the US has developed a 
insputer-based rendering system which 
ickly renders photorealistic images from 
>) models. The system consists of 
ansputer boards for VME and AT-bus 
stems optimized to run Pixar’s 
phisticated rendering software. 


Swe 





The basic Model 64, built with T800’s, 
has a performance of 640 MIPS and 96 
MFLOPS. The Model 256 comprises four 
Model 64 cabinets connected by cables 


Parsytec believes there is no limit to the 
size Superclusters can grow to. Two Model 
256s can be combined easily to realize 
twice the raw performance of one system. 





Orange County (714) 957 6018 
Denver (303) 368 0561 
Dallas (214) 490 9522 


The system holds great promise for such 
plications as architecture, automobile 
tyling, package design, simulation as well 
is animation. Pixar’s recent computer 
jenerated film ‘Tin Toy’ could not have 
een done without using this 
ransputer-based accelerator. 


Name Title 


Address 


and provides 2,560MIPS and 384 MFLOPS. 


Please send me full information on the INMOS Transputer products range. 





bs 
a | 
Robotics 

Transputers are ideally suited for 
robotics applications because their special 
on-chip links make communication 
between control centers naturally easy. 
They are often used in the central control 
area for dumb robots, in multi-jointed 
robots, and in machine vision systems. 

At the Houston Space Center, NASA 
and Lockheed are using Transputers in the 
development of an intelligent, self- 
manoeuvering, voice-controlled robot 
named EVA Retriever. EVAR is being built 
to investigate the autonomous retrieval of 
objects and astronauts that become 
detached from the Space Station. 





INVENTING THE FUTURE 


INMOS, PO Box 16000, Colorado Springs, Colorado 80935. Tel: (719) 630 4000 


Baltimore (301) 995 6952 
Santa Clara (408) 727 7771 
Minneapolis (612) 932 7121 


Boston (617) 229 2550 
Atlanta (404) 242 7444 
New York (914) 897 2422 
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The critical importance of reliability is 
nowhere more clearly demonstrated 
than in the demanding environment of 
the military aircraft. Nothing short of 
total reliability is acceptable. 


Throughout the AB Group the total reli- 
ability concept is achieved through a 
manufacturing policy of ‘zero defects’ 
High quality AB components and 
systems are found in data processing, 
telecoms, automotive and consumer 
products, as well as in a wide range of 


aerospace and defence equipment. 


The AB Group has nineteen operating 
companies world-wide and provides a 
total capability in the design, development 
and manufacture of electronic and 
electro-mechanical components and sub- 
systems. Investment in CADICAMICAE, a 
Group technology centre, and extensive 
surface mounting facilities has taken AB 


to the forefront of electronic design and 





production technology. 


AB can work with its customers at any 
stage of a project fromm initial design and 
development, to procurement of 
component parts, prototype manufac- 


turing and full scale production. 


If you need reliability in components, sub- 
assemblies or systems, contact the AB 
marketing department for more 


information. 











AB ELECTRONIC PRODUCTS GROUP PLC 





ABERCYNON, MOUNTAIN ASH, 


THE SOURCE OF PROFESSIONAL ELECTRONICS 





MID GLAMORGAN, CF45 4SF. 





TEL: 0443 740331 FAx: 0443 741676 
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iN Because now theres the Vista 
O. series from Tektronix. A 512- 
pin ATE solution for less than $1.5 million. 
Ready for today's IC testing challenges — 
late m(e)aalelace iiss 

OT al ol c=rer=rol=Jal(-remil=> deli flava 

The Vista Series VLSI Logic Test 
S\VSicAASMicrcllUlfomclamlalale)Vclllouaalerelelcts 
architecture for unprecedented system- 
and site-level flexibility. 

Systems are configured with three 
modules: the Test Station, the Program 
DieWale)e)aalsialaeicilelay 
and the Auto-Calibra- 
ieee) tclllela mre) siciaals 
orclan elmore aiilelelicre 
(o)mialiits miviaretie)areliay 
and capacity require- 
ments, and then eco- 
sle)galiercliNas>.<ey-lale(<10 
on-site to meet new 
demands. The result 
ISTCHLOVSIMIAIIUCIES San 
_ Meow More anleiaisomiitanstansee)aeaaec! 

Wiellelcoue|ceywiianey-lieF 
* Teknology pays off. 

, At Tektronix, we dont have to go shop- 
o)iare m(omlalalen/clihism(c.e.alare)ee\AnA( 
 Baaelccxelulmenvamitsnerl|(crem (=)<aelele hy 
 +MeNaolelevacroanleleiceniaeuesevinias 
| BVSeieuecr-lenliicellioumeasclaalelc 





















“$4.5 million to test a 500-pin 
chip we don’t even make yet?” 








we designed custom high-speed CMOS 
ASICs for the pin electronics. Replacing 
conventional hybrid circuits with ad- 
vanced IC technology increased system 
performance and uptime. At the same 
time, total cost for a 512-pin system was 
lowered to less than $1.5 million from 
USUrelmcclalelc sue mehCononan||| (eam alare 
since these proprietary CMOS ASICs 
consume less power and emit less heat 
than their hybrid counterparts In our 
competitors systems, operating costs are 
clolUlercromaale)(ontarcla 
80 percent. 
Tektronix — 

rove) anianli accom (om tal= 
future. 

sel etrelainaaes 
been delivering 
State-of-the-art elec- 
ice)a)exsuolmanlelicniarcia 
40 years. Setting the 
Standard by which 
test Instrumentation Is judged. 

The Vista Series. Economical, state-of 
the-art ATE. Another standard. Proof that 
you dont have to spend $4.5 million for 
an ATE solution — today or tomorrow. 

For more information about the Vista 
Series VLSI Logic Test Systems, call (800) 
635-8774. In Oregon, dial 239-0266. 














Tektronix 


COMMITTED TO EXCELLENCE 
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fe er company, Pe anounced last aera that it was. d cigcanaiuing its ET, A oe o. 
_ supercomputer division. The Minneapolis-based computer maker had spun off | 
ETA Systems as a separate company about five years ago to build the follow- | 
on to Control Data’s Cyber 205 supercomputer. At the time, Control Data | 
hoped to get additional financing for ETA by selling part of the operation to | 
other investors. Although | outside money didn’t exactly flow freely, Control | 
Data kept ETA ‘Systems going by funding the ETA-10 development project, | 
with | the aim: of Puliding, the world’ s most powerful Sunercompuiay itself. gels . 
. allel supercomputers using ihe de nei. CMOS technology, a develooment ae _ 
fort that culminated in the mighty ETA-10 machine. But sales lagged, and a 
—  Qetober Control Data brought ETA Systems back into the fold as a division in | 
an attempt to stem the losses. Competition from Cray Research Inc. and | 
~ Convex Computer Corp. in the U. S. and looming competition from the biggest — 
: Japanese computer companies inflicted severe losses on ETA Systems. Con- 
~ trol Data won't say what it spent on ETA, but the company acknowledges los- |. 
ing $100 million in the _ SUperCR DES, business last year, uu 
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i Here’s the advanced tester you’ve 

esting of Complex DOATAS... Hzesreasreedtesersouve 
mises. That’s because the HP 3070 
AT-Series is more than a new com- 
binational tester. It’s a new gen- 
eration with new technology, new 

Simplify programming and get top architecture, and new software. 

performance in complex timing sit- At a price that could change your 


uations with per-pin control of test ; ; 
Gibdsic teen: Ward drive and receive whole perspective of board testing. 


voltage levels, slew rate, and timing . : 
placement of each pin... individually. Take pin electronics. Now you can 


control each pin individually. Drive 
Achieve the highest possible perform- and receive 12.5 million patterns 
ance at the device under test witha per second. Get + 5ns typical edge 
patented fixture that uses 1" wire placement accuracy. And 40 MHz 
lengths at critical nodes. clock signals...at the pin. System 
By Rina. or thousands of test architecture is new too. A flexible 
vectors without segmenting tests or modular design lets you expand 
reloading via HP’s Vector Processing to more than 2500 nodes as boards 
Unit architecture. And simplify grow. And gives you a practical 


cluster-test diagnostics with auto- way to keep pace with changing 
matically generated backtrace trees. 
technology. 



























Expand to 2592 nodes for large ; F 
boards, and adapt the tester to new Then there's fixturing. The new 


technology via a flexible modular HP Simplate Express Fixture is an 

architecture. integral part of the system solution. 
It actually lowers your fixturing 
costs. And, for the first time, gives 
you system performance where it 
counts...at the device under test. 


Wrap it up with IPG Test Consultant 
software that guides and advises 
programmers in test development 
and you have several good reasons 
to take a fresh look at board testing. 


So don't wait. Call 1-800-752-0900 
today. Ask for Ext. 501D to get our 
detailed information packet... 

before you get another board tester. 






' HEWLETT 
Q. PACKARD 
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e 
IMT board testing problem, ess: stersies bea 
° through. The new HP 3070 SMT- 
Series combinational tester will 
challenge your belief that SMT 
boards are hard to test. We’ve 
solved the problems. Which gives 


you the go-ahead on SMT produc- 
tion. Here’s how. 


First, an innovative mechanical 
fixturing system handles high- 
accuracy, dual-level, dual-sided 
probing. Without flexing boards, 
which can mask open solder joints 
or create new process faults. You 
can even integrate it easily into 
automated SMT lines. 


Then, a new system architecture 
and pin electronics deliver the 
tester performance you need for 
SMT devices such as ASICs. For 
example, you can control each pin 
individually. Drive and receive 
12.5 million patterns per second. 
Get + 5ns typical edge placement 
accuracy. And 40 MHz clock 
signals...at the pin. 


You also get a surface-mount-device 
library to decrease test develop- 
ment time for nonstandard pin-out 
devices. Plus IPG Test Consultant 
, software, which acts as an advisor 
sepeeee Ee ' in test development and simplifies 
quality management. 


or rears 


y se eserves 


So if board testing has been a 

roadblock to SMT integration, 

investigate the HP 3070 SMT-Series. 

It’s sure to give you a new perspec- 

tive. Call 1-800-752-0900 today. 

Ask for Ext. 501E to get our detail 
wlbeg t- | a | packed information package on 

ves, «a a ‘ | =. SMT board testing. 
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Wandel & Goltermann 


Electronic Measurement Technology 
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Today’s varied telecom modules de- 

-mand a wide range of measurements 
_and function tests. The AMS-964 Test 
System meets this challenge with high 


A Mi S -96 4 . speed through digital signal processing. 
a _ Fast adaptation to new test objects 
makes the system very economical for 


j duct-oriented testing. Result 
For versatile ‘epreduce te ntin £00248 Fo 
a - — | li t 2 it i i i, 
functional testing OF —caseetiective matching to test objects 


Check out the AMS-964 today if you 
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MOTOROLA TAKES THE WRAPS OFF 
COMMODITY-MEMORY THRUST 


Word is out—the semiconductor giant is producing DRAMs and SRAMs in volume 


AUSTIN, TEXAS 
[x an industry where secrets can seldom 

be kept for long, Motorola Inc.’s suc- 
cess in keeping its commodity memories 
program under wraps is exceptional. De- 
spite the attention generated by an all- 
out, three-year effort that reportedly has 
cost some $300 million, executives in the 
company’s Semiconductor Sector and 
MOS Memory Products Division have 
been able to keep details from leaking. 
Until now, Motorola has 
shared information about 
the project, one of the 
most ambitious currently 


cession forced it to quit the DRAM market 
entirely. The Schaumburg, IIl.-based semi- 
conductor giant doesn’t break down its 
sales figures by product line, but Adam F. 
Cuhney, a financial analyst at Kidder, Pea- 
body & Co. Inc. in San Francisco, estimates 
that memories accounted for about $300 
million in sales at Motorola last year. Of 
that total, he says, $270 million came from 
DRAM sales and the rest from SRAMs. 
The 1988 DRAM sales were entirely from 


by its own technology, the defeat was 
particularly galling. ‘‘We’ve kept it all 
low-key,” acknowledges Jim George, cor- 
porate vice president and general manag- 
er of the MOS Memory Division. “We’ve 
had new technologies coming out of the 
oven on a crash basis every year to 18 
months.” George points out that one rea- 
son Motorola stayed quiet for so long is 
that the company views its efforts 
through a long-range lens. ““When we 
came back [into the mem- 
ory market], we pushed a 
10-year button,” he says. 
To date, Motorola is the 
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strides in establishing a 
solid base in the memory 
market—and now it’s 
talking about them. 

The memory shortage of the past sev- 
eral years has helped Motorla’s efforts, 
of course, since it provides a seller’s mar- 
ket for dynamic random-access memo- 
ries. But the proof is in the pudding, and 
now Motorola has shown that it can turn 
out state-of-the-art 1-Mbit DRAMs in 
growing volume at its plants in Austin, 
Mesa, Ariz., and East Kilbride, Scotland. 
The DRAMs are based on designs from 
Toshiba, the world leader in memory pro- 
duction; the two companies make a mil- 
lion 1-Mbit DRAMs per month at their 
joint facility in Sendai, Japan. 

When it comes to fast static RAMs, 
which computer makers continue to gob- 
ble up as quickly as they are produced, 
Motorola’s own design technology is key. 
Its latest SRAM offering, a 256-Kbit 20-ns 
chip, is now at the sample stage. 

Motorola has come a long way since late 
1985, when plummeting prices caused by 
DRAM dumping in the middle of a chip re- 
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dies on wafers supplied by Toshiba, but as- 
sembled, tested, and packaged by Motor- 
ola. The analyst expects Motorola to post 
big gains this year in both categories. 
Motorola’s stated goals for the memo- 
ry market are ambitious. By 1994 it is 
aiming for close to a 10% share of the 
worldwide DRAM market, which is ex- 
pected to reach $12 billion that year. It 
also hopes to gain 10% of the projected $3 
billion to $4 billion SRAM market in 1994. 
“Motorola has made the decision to be 
a big player in the memory market,” says 
Charles M. Clough, president of Wyle 
Laboratories Inc., an Irvine, Calif., dis- 
tributor that handles Motorola’s memory 
chips. But the company is “not yet the 
strong player [it] wants to be,” he says. 
Motorola’s initial reluctance to divulge 
information about its memory program 
no doubt stems from the beating it took 
in 1985. For a company that prides itself 
on offering a broad product line powered 


ple, memory makers were 
just readying 1-Mbit 
DRAMs for introduc- 
tion—those chips had 
been in development since 1980. Develop- 
ment of the 4-Mbit chips now appearing in 
small quantities was well under way in 
1985, and work was just beginning on the 
16-Mbit DRAMs that will debut in 1991- 
92. Lead times for SRAM development 
are similarly lengthy. “It’s a technology 
treadmill,” says Bud Broeker, director of 
operations at the division. ““When we 
jumped back in, we had to run even faster 
than the treadmill moves, and we're still 
doing it.” 

But Motorola had no choice but to get 
back into the memory business to protect 
its leadership position in microprocessors, 
says Cuhney of Kidder Peabody. He says 
many processor buyers, especially the 
smaller ones dealing with distributors, 
demand a package deal—with memory in- 
cluded. “If Motorola wanted to stay a mi- 
croprocessor company, it had to have 
memory,” Cuhney says. (Intel Corp. 
linked up with South Korea’s Samsung 
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The innovator’s handbook. 
Call and it's yours. 


= CMOS High Speed SRAMs. 

= CMOS High Speed PROMs. 

= CMOS High Speed PLDs. 

= CMOS High Speed RISC. 

= BiCMOS Ultra High Speed ECL SRAM. 
= Bipolar ECL PLDs. 

= Multichip SRAM Modules. 

= PLD Programming Tools. 


= Military Products. 





The one requirement ExeVLEUS 
for high performance 
system designers. 
Call 1-800-952-6300* 
Ask fordept.C200 x, 
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Three. Innovation. 


High performance CMOS microprocessors are 
changing the way computers are designed — 
from desktop to workstation to minicomputer. 








Ris. 

Ours is based on SPARC*" the Scalable Pro- 
cessor ARChitecture originally developed by Sun 25ns 
Microsystems, and now an emerging industry 8Kx16 Cache RAM 


standard. NEW 


Scalability means the same architecture can 
be applied to a variety of systems — from next- 
generation embedded controllers, to PCs that 
challenge workstations, to workstations that 
challenge supercomputers, to next-generation 
minicomputers, and beyond. 
Cypress RISC performance means those new 
systems will set systems performance records. A 
few examples: 
ARIX. Innovators there are rewriting the 
rules for minicomputer systems. Using our 
RISC family in mu/tiprocessor configurations, 
designers are creating systems that will set new 
performance standards for commercial UNIX 
multi-user systems. 
We make that innovation easier, with logic 
that sets standards for performance, while eas- 33MHz 
ing design-in. Floating Point Unit 
Sun Microsystems. Today, innovators are devel- NEW 
oping the next generation of workstations, based 
on the Cypress Semiconductor RISC family. 
Expect new workstations that will aggressively 
attack the old rules for workstation price-per- 
formance. Last year’s rules. 
Definicon. Now you can open up a PC-AT and 
install Definicon’s innovative, SPARC-based, 
12 MIPS board—a board with all the power of a 
workstation. 
You create a system capable of running the 
same software that runs on the popular Sun-4 
workstation. An excellent, low-cost 
development platform for RISC 
development, including em- 
bedded control applications. 
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Iwo. Innovation. 


At Siemens, technology innovation means a 
new and better way to look at medical images. 

Medical information from a variety of diagnos- 
tic sources Computed Tomography, Magnetic 
Resonance Imaging, Digital Radiography, Ultra- 
sound, Nuclear Medicine, or Positron Emission 
Tomography — is now captured digitally. 

In fact, hospitals capture 10-15 Gigabytes daily. 

Siemens Picture Archiving and Communi- 
cations System (PACS) is arguably the most 
advanced, innovative system for retrieval and 
display of this vital diagnostic information. 

Banks of high resolution 1280 x 1024, 120 Hz 
displays give professionals the familiar multi- 
viewer format and clarity of film, but with impor- 
tant new innovations. 

Viewers can adjust gray-scale, invert gray- 
scale, swap images, overlay images, magnify on 
the fly, pan, or run “cine” image sequences up 
to 30 frames-per-second, all in real time. 

Whatever they need to perform diagnosis 
rapidly and accurately. 

At 120 Hz, the system is pumping data at over 
100 M/bytes per second through look-up tables to 
display memory. 

Cypress Semiconductor streamlines that inno- 
vation, with high speed SRAM for look-up tables, 
and high speed programmable logic — Siemens 
uses up to 105 PLDs per board, and up to four 
boards per system — to perform the blazing state- 
machine and multiplexing functions that these 
image calculations require. 
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One. Innovation. 


At Tektronix, technology innovation means 
excitement in broadcasting and video. 

When you watched the Seoul Olympics, 
you saw the results of Tektronix television 
innovation in action. 

Consider hundreds of video sources, covering 
hundreds of Olympic events. A non-stop torrent 
of video images routed live over miles of links 
through a central switching system that synchro- 
nizes all those asynchronous signals, to let the 
producer switch at will from any live, tape, or 
computer source. 

Then add magic. 

Complex digital manipulations, dissolves, cuts, 
overlays, and graphics, delivered in real time, to 
broadcast standards without a second’s pause. 

Tektronix Grass Valley Group provides the in- 
novation for the switching and graphics. 

Tektronix Television Group provides the test 
equipment, ensuring a feed quality high enough 
to satisfy the most finicky producer. 

Cypress Semiconductor supported that inno- 
vation with high performance, erasable PLDs 
that let Tektronix pack faster, more reliable logic 
into less board space. 

Tektronix also specifies our high speed, low 
power PROMs and SRAMs, to speed digital informa- 
tion through the system at broadcast video rates. 

Equally important, we helped Tektronix assure 
the highest system reliability, by delivering parts 
with rock-solid dependability demanded by the 
world’s largest broadcasters—Tektronix customers. 
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preeminent company lagging behind Sun 
in work-station market share. 

In the aftermath of the merger an- 
nouncement, top executives at both HP 
and Apollo spoke glowingly of joining 
forces. “Both companies are recognized 
for technical innovation and high-quality 
computer products, and for a commit- 
ment to the industry’s move toward coop- 
erative computing environments based 
on open industry standards,” says John 
A. Young, HP’s president and chief exec- 
utive officer. For his part, Apollo chair- 
man and CEO Thomas A. Vanderslice 
says that HP’s “commitment to the work- 
station business and to open industry 
standards, its product strengths, and its 
well-known concern for its people add up 
to a very good fit.” 

Perhaps Apollo’s most important con- 
tribution to the deal is its strong installed 
base of more than 93,000 work stations 


as revenues sagged and profits shrunk or 
disappeared in recent quarters. “‘We 
think we can put customers at ease about 
that,” Watts says. 

Most industry analysts assess the ac- 
quisition as a good one for both sides, de- 
spite the problems stemming from prod- 
uct-line overlaps. As for morale at Apollo, 
Gallup at least sounds upbeat. He says 
that the odds “are about a million to one 
that we would have been acquired by 
someone as well suited to us as HP is.”’ 

But an elegiac note was sounded by 
Apollo cofounder David Nelson. “From a 
founder’s point of view, the assimilation 
of Apollo’s identity into HP is somewhat 
disappointing,” says Nelson, who recent- 
ly resigned as vice president and chief 
technical officer to start his own compa- 
ny, Envision Systems Inc. in the Boston 
area. “It’s not the final chapter we all 
would have written.” -—Lawrence Curran 


THE CHANGING STYLE AT SEMATECH 


WASHINGTON 
I the weeks after the management 

shakeup that left Sematech’s chief op- 
erating officer, Paul Castrucci, walking 
the streets of Austin, Texas, in search of 
a job, critics of the chip-manufacturing 
consortium came out in full force, point- 
ing to the incident as proof that U.S. 
companies couldn’t work together. But 
officials both inside and outside Sema- 
tech say that’s not the case at all—that 
the sudden firing of Castrucci was nei- 
ther a comment on Sematech’s progress 
nor a surprise move. 

Now Sematech is on the verge of a ma- 
jor management reorganization that will 
probably result in a much more active 
role for chief executive officer Robert 
Noyce, who joined the consortium last 
summer ostensibly to play Mr. Outside to 
Castrucci’s Mr. Inside. In the coming 
months, Sematech insiders say, Noyce 
may well do away with Castrucci’s posi- 
tion altogether, replacing the single oper- 
ations officer with a corps of deputies fo- 
cused on specific parts of the Sematech 
puzzle, all reporting directly to the CEO. 

Under the original plan, Noyce was 
supposed to have been a cheerleader and 
politician, handling Sematech’s interface 
with industry and government; Castrucci 
was to have run the facility day to day. 
But that’s not the way it turned out. 
“There were too many cooks in the kitch- 
en,” Castrucci says. “[Noyce] was around 
more than we expected.” 

The reason? Says C. Scott Kulicke, a 
Sematech board member and the chair- 
man of Kulicke & Soffa Industries Inc., a 
semiconductor-equipment concern: “Bob 
Noyce is too qualified to be just a cheer- 
leader. He’s involved right up to his 


used by “customers who are happy with 
their products and technology,” says 
Richard Watts, director of marketing for 
HP’s Computer Products Sector. Another 
asset is Apollo’s strong presence in elec- 
tronic design automation, including the 
software technology contributed by its 
leading customer, Mentor Graphics Corp. 
in Beaverton, Ore. 

SIZE AND STABILITY. Watts also cites 
Apollo’s Network Computing System ap- 
proach to distributed work-group com- 
puting and its RISC architecture, first in- 
troduced in the Series 10000. HP had al- 
ready become a licensee for the network- 
ing software, he says, “but now we get 
access to that technology ahead of every- 
one else.’”’ In return, Watts says, HP 
lends Apollo size, stability, and financial 
resources sufficient to relieve the anxi- 
eties of its customers. Some of them were 
worried about Apollo’s financial condition 

































































































with outside vendors [to develop ad- 
vanced processing equipment]. It wasn’t 
because things weren’t getting done.” 
But getting things done was apparent- 
ly harder than it needed to be. ‘What 
you're not looking at is the amount of ef- 
fort it took to get all that work done,” 
says Kulicke. “Differing management 
styles are a substantive problem.” 
Indeed, the problems boil down to dif- 
ferences in management and personal 
style. Noyce, a cofounder of chip giant In- 
tel Corp., came from the free-thinking en- 
trepreneurial environment of Silicon Val- 
ley; Castrucci arrived fresh from 32 years 
as a loyal IBM Corp. soldier. Noyce fa- 
vored a participatory style of manage- 
ment, while Castrucci did things the IBM 
way: assign tasks, assist where possible, 
and wait for results to be reported back. 
For some outside observers, Castruc- 
ci’s departure has ominous implications. 
He is ‘‘a damned good manufacturing 
guy,’ says Charles Minnihan, a retired 
vice president from Perkin-Elmer Corp. 
now working as a consultant. “He’s prob- 
ably started more new products than any- 
one else in the world. This blows my 
mind. It really sets [Sematech] back.” 
Now the day-to-day management job 
falls to Hasty, who is currently working 
on signing up companies to develop the 
next-generation equipment, materials, 
processes, and test-chip demonstration 
vehicles for the 0.5- and 0.35-um phases 
of Sematech’s research program. That’s 
the line width needed to produce a reason- 
ably sized 64-Mbit dynamic random-ac- 
cess memory. The first of the contracts 
should be awarded by early May, with 
others coming over the rest of the spring 
and summer. -Tobias Naegele 


nose.” Kulicke acknowledges that the Se- 
matech management structure may not 
have been the ideal choice. The fact is, he 
and others say, Sematech may just be too 
small to support both a chief executive 
and a chief operating officer. 

Now, with Castrucci out and Turner 
Hasty, a 30-year chip research veteran 
from Texas Instruments Inc., acting in 
his role, Noyce is expected to play with 
the management structure. Hasty, who 
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has been with Sematech since its incep- 
tion in September 1987 and who has al- 
ready put in one four-month stint as inter- 
im COO, says he would “have no problem 
moving back into the ranks again”’ if 
that’s what Noyce asks. 

Meanwhile, Castrucci says he could tell 
“right from the start that the chemistry 
between Bob and me wasn’t that good.” 
Nonetheless, he says he was completely 
surprised when Noyce called him to a 
breakfast meeting March 20 and asked 
him to quit. He says his management 
team had met each of the goals it set in 
his first six months on the job, including 
getting the wafer fab up and running be- 
fore the end of March. 

‘With time, I’m sure things would have 
worked themselves out,’ Castrucci says 
now. “Just look at the record. The fab got 
built. We ramped up the staff from 45 to 
over 500 people in six months. Wafers got 
processed. We got negotiations started 
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requires a high-end parallel-processing 
computer. 

“We can do real-time compression in the 
same box that’s doing the playback,” says 
vice president John Music. Although Uni- 
versal Video has publicly positioned its VP- 
2000 video work station directly against 
DVI, a third-party developer familiar with 
both systems is not so sure. While DVI pro- 
duces full-motion video at 30 frames/s, the 
VP-2000 “is designed to do 10-frame/s vid- 
eo,” says David Dering, president of Amer- 
ican Helix Corp., a Lancaster, Pa., soft- 
ware developer that used the VP-2000 in a 
demonstration at the CD-ROM Confer- 
ence. VP-2000 has potential, he says, and 
American Helix wants to develop software 
tools for it. But “people like to see 15, 20, 
or 30 frames/s.” Universal’s Music claims 
that when adjustments for flicker are 
made, viewers cannot discern the differ- 
ence between 10 and 30 frames/s. 

Meanwhile, Intel is filling in its soft- 
ware gap—and the acknowledged void in 
applications. ‘‘We’re working with two 
companies to develop high-level author- 
ing tools,” says Bob Brannon, general 
manager of Intel’s DVI operations in 
Princeton. The authoring package is set 
for release at the end of the third quarter 
and will run on Intel’s 80386-based 
Pro750 applications-development plat- 
form. The Pro750 will ship in July, Bran- 
non says. —Jack Shandle 





TRANSACTION PROCESSING 


WALL STREET LOOKING TO 
ROCK AROUND THE CLOCK 


NEW YORK, N. Y. 

ife in the financial fast lane is getting 

faster. Global traders in markets from 
treasury bills to pork bellies have their 
eyes on 24-hour operation, and the securi- 
ties and commodities exchanges that han- 
dle the transactions are girding for fierce 
competition to be first 
to deliver round-the- 
clock service. 

Brokerage houses 
desperately ‘‘need a 
way to involve our- 
selves with the markets 
all around the world 
and pivot them around New York,” says 
Joseph Macchia, vice president for com- 
munications at New York-based Liberty 
Brokerage Inc. The implications for the 
electronics industry have a distinctly 
green glow, especially for systems 
houses that sell on-line transaction pro- 
cessing mainframes and minicomputers. 
Stratus Computer Inc., a Marlboro, 
Mass.-based maker of OLTP systems, ex- 
pects the exchange-automation market to 
grow at a 40% clip each year through the 
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OLTP vendors scramble 
to give traders 
24-hour service 


early 1990s, according to Mark Smith, di- 
rector of financial services marketing. 
Other technologies also stand to thrive 
in the push toward 24-hour global trading 
services. For starters, exchanges will 
need to upgrade their wide-area network- 
ing systems. Then too, the emerging trad- 
er’s work-station mar- 
ket will become a bat- 
tlefield for faster, 
smarter personal com- 
puters. There will even 
be a growing need for 
artificial intelligence 
applications, particular- 
ly in object-oriented programming. 
Round-the-clock global trading will re- 
quire more than just upgrading equip- 
ment. A major challenge is the conversion 
of securities clearing and settlement sys- 
tems from overnight batch operations to 
on-line operations. “The move from 100% 
batch to an on-line environment is not just 
a matter of buying new equipment,” says 
Smith. ‘“‘The only way to handle on-line 
settlement is relational data bases, and 
they have just started to appear in on-line 
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evaluation of the concept, Mandell says. 
“We are now in the process of filling in all 
the functionality,” he adds. 

Key to Lisp’s rapid prototyping capaci- 
ty is the ability to incrementally compile 
lines of new code without having to com- 
pile the entire program. Also, a library of 
about 15,000 object-oriented subroutines 
can be plugged in with a high probability 
that they will not have to be altered. 
NATURAL LANGUAGE. Finally, the ability 
of Lisp to handle natural-language inputs 
is critical. “You can develop similar func- 
tionality in conventional programming 
languages,” says Mandell, “but it’s more 
like writing the program in stone. If you 
want to change something, you have to 
chip away at a corner and run the risk of 
breaking the stone.” 

In a another manifestation of the need 
for highly flexible, quick-change technol- 
ogy, the CBT is using Tandem’s top-of- 
the-line VLX mainframe, which can be 
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scaled up by adding processors as needed 
without reprogramming. A VLX with 
four processors can execute 7.5 transac- 
tions/s, says Ray Villareal, Tandem’s as- 
sistant to the senior vice president for 
sales and marketing. Other vendors, no- 
tably Concurrent Computer, Digital 
Equipment, IBM, and Stratus, are also 
vying for the exchange-automation mar- 
ket for 24-hour global trading. 

Among the qualities Villareal sees as 
crucial for this market are processor mo- 
dularity, the ability to place mainframes 
in remote sites without on-site service, 
and the ability to switch computing re- 
sources from region to region as financial 
activity changes in time zones. 

A second tier of requirements, says Vil- 
lareal, includes maintaining data integri- 
ty, a feature that involves not just redun- 
dancy but also assuring that bad data, 
when it crops up, is not passed around the 
network. —Jack Shandle 
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ters the required specifications, and the 
system creates and simulates a draft de- 
sign with a known configuration. Then a 
performance-suitability level is derived 
using the fuzzy-logic rule base. If the 
specs are not met, the rule base is modi- 
fied until they are, on the known design. 
The debugged rule base is then used to 
design and simulate the new circuit. The 
loop is repeated for each of the specifica- 
tions until all are met within the design- 
er’s predetermined limits. 
SIMPLIFY DESIGN. Taking another path to 
analog design simplification, researchers at 
General Electric Co.’s corporate research 
and development center in Schenectady, 
N. Y., have devised a floor-planning algo- 
rithm strictly for analog circuits. Although 
several such techniques have been pro- 
posed in the past, all have had the unfortu- 
nate byproduct of lengthening the design 
cycle. But the GE method, based on the 
standard leaf-cell approach used in many 
of the digital methodologies, simplifies de- 
sign and reduces design time as well. 
Unlike the standard 
leaf-cell approach, in 
which sensitive and in- 


with special matching requirements, such 
as differential pairs, matched switches, 
and large folded devices. Anagram places 
these blocks using an annealing algo- 
rithm and then routes them using a novel 
analog scheme that models noisy and sen- 
sitive wiring, crosstalk, shielding, and 
ground loops. Anagram has laid out a va- 
riety of Oasys-synthesized op amps and 
comparators with what the researchers 
describe as good accuracy—within 10% in 
most cases—considering the simplified 
device models used. 

To bring automated analog design into 
the range of the average designer, a new 
CAD methodology, called Liberty, has been 
developed by Custom Arrays Corp. It can 
be implemented on a low-cost work station, 
much like digital design. The Sunnyvale, 
Calif., company’s package consists of five 
modules: a schematic design-entry pack- 
age, a Spice simulator, an interactive sym- 
bolic layout-design editor, a mask-pattern 
generator, and a proprietary logic-verifica- 
tion routine called Decorus, which supports 

design-rule and electri- 
cal-connectivity checking 


OEMs are bumping up _ plus post-layout netlist 


sensitive sides of each against a fact of life: the extraction and schematic 


leaf are adjacent to one 
another, the analog leaf 
cells are arranged so 
that the sensitive sides 
are adjacent. This serves to form sensi- 
tive and insensitive channels. The sensi- 
tive are used for analog signal and power 
routing and the insensitive for digital. 

Researchers at Carnegie-Mellon Uni- 
versity in Pittsburgh are taking an even 
more comprehensive approach to the 
problem. Scientists in the department of 
electrical and computer engineering have 
created a design system called Acacia 
that automates the entire design path 
from specification to silicon for critical 
analog modules. Its proprietary interface 
allows analog designers to explore vari- 
ous circuit trade-offs automatically. 

Two of Acacia’s most important compo- 
nents are tools called Oasys and Ana- 
gram. Oasys provides a general frame- 
work for hierarchical synthesis of circuit 
schematics from performance and pro- 
cess specifications; it’s also a synthesis 
tool incorporating knowledge of CMOS 
operational-amplifier and comparator de- 
sign. At any level in the hierarchy, a set 
of block-diagram topologies is available, 
and heuristics are used to select the best 
approach. Oasys then employs approxi- 
mate analytical equations to refine the 
block specifications into specs. It also in- 
corporates algorithms for automatically 
generating schematic drawings. 

The second tool, Anagram, transforms 
device-level schematics into mask geome- 
try and operates like a digital macrocell 
place-and-route system. The macrocells 
can be individual devices, such as transis- 
tors and capacitors, or groups of devices 
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real world is analog 


back annotation. 

Still, as important as 
automating the analog 
portion of a design is, it 
comes to naught if it can’t be merged at 
the chip level with the digital portion. But 
design of analog and mixed-mode analog/ 
digital application-specific ICs has lagged 
behind pure digital. 

For one thing, analog performance is 
much more sensitive to the manufactur- 
ing process, says Edmund Chung, a re- 
searcher at Silicon Compiler Systems 
Corp. in San Jose, Calif. Then too, model- 
ing analog circuits requires much greater 
accuracy than digital. Unlike digital 
ASICs, semicustom analog designs need 
elaborate characterization of the analog 
cells and frequent layout tweaking. 

One approach to this problem comes 
from researchers at IMP Europe Ltd. in 
Swindon, UK. It makes use of so-called 
personalized cells, which are introduced 
to fit the specific needs of a design. Also 
factored in are layout-dependent circuit 
features that locate crosstalk, analog and 
digital noise, parasitic resistance, supply 
buses, and grounding. 

Meanwhile, from the IC Design Center 
at the University of Hawaii comes a tech- 
nique for constructing analog cells to be 
used in mixed analog/digital designs 
based on a technique reminiscent of the 
spreadsheet programs used in business. 
Applicable to both CMOS and biCMOS 
and scalable to below 1 um, the technique 
is based on the tiling of modules using an 
internally designed layout editor. The edi- 
tor incorporates a generic layout rule set 
that allows conversion between different 
mask rules and includes rules for two lay- 
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ZEISS: AT THE LEADING EDGE IN LEIPZIG 


LEIPZIG, EAST GERMANY 
I the words of a West German industry 
analyst, “High technology is not the 
sole domain of the West. In some mea- 
sure, it’s in evidence in Eastern Europe 
too.” One need go no further than East 
Germany to find proof of that contention: 
specifically, in 1-Mbit dynamic random-ac- 
cess memories using 1.0-um CMOS tech- 
nology. They come from VEB Carl Zeiss 
Jena, which aims to put the devices into 
production this year. 

This state-owned firm—VEB stands 
for the German words for people-owned 
enterprise—has also developed sophisti- 
cated equipment for making the DRAMs. 
It is now planning 4-Mbit versions using 
0.8-4m structures. 

Of course, Zeiss Jena can’t be called a 
typical East German, let alone East Euro- 
pean, firm. It’s in a class by itself in the 
Eastern bloc. But as such, it’s the pace- 
setter for East German microelectronics, 
so Zeiss Jena is showing the way in which 
that nation is headed technologically. 

With a 142-year tradition in manufac- 
turing optical equipment, the Jena firm 
sells its wares worldwide, in both East 
and West. Of late, it has developed a 
strong capability in microelectronics and 
related production equipment, some of 
which has even been shipped to Japan. 

Significantly, Zeiss developed the 1- 
Mbit DRAM samples on its own. Unlike 
some Western European and U.S. chip 
makers, it has no access to Japanese 
high-density-memory technology through 
know-how exchange or licensing agree- 
ments. For a company in the Soviet bloc, 
such access is restricted for competi- 








country with only 17 million 
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tive—not to mention political—reasons. 
An important tool in the DRAM devel- 
opment effort is Zeiss’s electron-beam ex- 
posure system, ZBA21. Used for VLSI 
mask making, direct exposure of wafers 
for quick-turnaround parts, and personal- 
izing gate arrays, the system produces 
lines whose smallest resolvable width is 
0.2 um. The practical resolution under 


Zeiss Jena is building 
1-Mbit DRAMs and plans to 
move up to 4 Mbits 


production-line conditions is 0.5 pm. 

Knut Kaschlik, director of the firm’s 
equipment R&D, ranks the ZBA21 among 
the world’s top e-beam machines—on a 
par with similar systems from Perkin 
Elmer Co. in the U.S. and Japan’s Jeol. 
Western observers at the Spring Fair in 
Leipzig last March, where the model was 
shown, concur in this assessment. One 
model 21 user is the Soviet Union. 

Zeiss had no choice but to develop the 
e-beam equipment on its own if it wanted 
to make high-density DRAMs. True, 
Czechoslovakia’s big electronics combine, 
Tesla, has an e-beam system, the BS600. 
Advanced though it is, it doesn’t meet the 
tough production-line requirements for 1- 
Mbit DRAMs. 

Like its predecessor, the ZBA20, of 
which 70 have been sold since the early 
1980s, the ZBA21 uses vector-scan deflec- 
tion principles, a stop-and-go wafer- and 
mask-displacement scheme, and a rectan- 


gular e-beam with a variable cross-sec- 
tion. Zeiss pioneered this programmable- 
shape beam concept in the late 1970s. 

The model 21’s big advance over its 
forerunner is the increased stability of its 
accuracy parameters, something that 
helps raise device yields. The stitching ac- 
curacy of arrays for a chip measuring 9.6 
by 9.6 mm is +£0.15 ym, an accuracy ob- 
tained with a 99.5% statistical certainty. 
Likewise, the registration accuracy 
checks in at 0.15 um, also with a statisti- 
cal certainty of 99.5%. 

The ZBA21 also advances system pro- 
ductivity over that of its predecessor by 
optimizing specific processes and taking 
certain time-saving measures. For exam- 
ple, the beam-control data is fed from the 
computer-aided design system for the 
chip directly to the ZBA21’s 16-bit control 
computer. This process eliminates the in- 
termediate step of putting the data on 
magnetic tape. 

Productivity is impressive. In one hour, 
the ZBA21 processes two 4-in. silicon wa- 
fers with an integration level equaling 
that of a 1-Mbit DRAM and with surface 
area fully utilized. It processes two 
masks per hour with 5: 1 dual reticles on 
5-by-5-in. glass, again with a 1-Mbit 
DRAM complexity. 

Like the ZBA20, the 21 can produce 
lines inclined at a 45° or 135° angle at the 
same speed at which it writes lines paral- 
lel to the chip’s horizontal and vertical 
axes. This is done with a turn lens that 
electromagnetically rotates the e-beam 
by 45° or 135°. Competitive systems ap- 
proximate inclined lines in point-wise 
fashion, a slow process that tends to limit 
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that is one third less than that of its big- 
ger brother. 

The controller’s early success and the 
continuing interest that data-processing 
and communications-equipment makers 
are showing have Siemens marketers 
convinced that their company will have 
sold about 300,000 of the 82525 and 82526 
controllers by 1990. No small part in that 
scenario will be played by another partici- 
pant in the business, Advanced Micro De- 
vices Inc. of Sunnyvale, Calif., which will 
second-source the two-channel HSCX. 

As is often the case with circuits that 
turn out to be successes on the merchant 
market, the controller was originally de- 
signed for Siemens’ in-house use at its big 
Telecommunications Division. With sales 
of $4.2 billion last year, the group 








checked in as the world’s third-largest 
producer in the field, behind AT&T Co. in 
the U.S. and France’s Alcatel NV. But 
then the outside telecommunications in- 
dustry became interested, and excite- 
ment was also generated among vendors 
of data-processing gear. 

Because of its 8-bit demultiplexed 
adaptive bus interface, the HSCX is com- 
patible with every 8- or 16-bit microcon- 
troller or microprocessor system from In- 
tel-Siemens and Motorola Inc. Siemens’ 
evaluation boards and demonstration 
software, Reith says, drastically reduce 
design-in times—typically, to six months 
to a year. 

The controller is suitable for a wide 
range of applications. The two-channel 
82525 should find uses in terminals, medi- 





cal patient-monitoring equipment, com- 
puters employed in telephone exchanges, 
and ISDN-capable personal computers. 
The one-channel 82526 is good for moni- 
toring and controlling functional units in 
such equipment as laser printers, indus- 
trial controls, and telephone exchanges. 
Three applications—telecommunications 
equipment, nonstandard local-area net- 
works, and general point-to-point HDLC 
interfaces—will each account for about 
one third of the sales, Karmazin predicts. 

With derivates of the HSCX, Siemens 
wants to be prepared for future applica- 
tions. On the drawing boards is a version 
with a bus 16 bits wide that can transfer 
data at a rate of 10 Mbits/s. It is suitable 
for synchronous and asynchronous oper- 
ations. —John Gosch 





TELECOMMUNICATIONS 





LONDON 

he next big consumer telecommunica- 
tions wind to blow across Europe 
could well be the digital pocket tele- 
phone—a version of the domestic cord- 
less phone that can go anywhere. That’s 
the conclusion of a study just completed 
for the Commission of the European 
Communities by consultants Arthur D. 
Little Co. of Geneva that looks at mar- 
kets for all types of ‘“second-generation”’ 
cordless telephones. 

Overall, the study says, markets for 
cordless telephones in Europe will top $3 
billion by 1995 and could reach as much as 
$4.5 billion. The study predicts the devel- 
opment of three distinct market sectors: 

e Cordless private-branch exchanges for 
offices, which should attract an annual 
market of $1 billion. 

e Domestic cordless telephones, a market 
valued at $1 billion to $1.5 billion. 

e The pocket phone, or Telepoint, market. 
Sales to businesses could hit $1 billion to 
$1.5 billion, says Little, with domestic us- 
ers contributing a further $20 million. 

The newest sector is Telepoint, a market 
that does not exist now. The big question is 
just how fast the technology, originated in 
Britain, will catch on. The way the Little re- 
port sees it, pocket phones will sell as well 
as other domestic electronic gear, such as 
video-cassette recorders, provided they are 
priced at around $200 and conform to a 
common Digital European Cordless Tele- 
phone (DECT) standard. 

The idea is for privately owned tele- 
communications companies to set up 
thousands of low-powered base stations, 
essentially the fixed half of a cordless 
telephone set, in strategic points around 
the country. Phone owners could then 
make calls from these stations, which will 
be in shopping malls, hotels, transporta- 
tion terminals, and the like, and be billed 
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GET READY FOR THE POCKET-PHONE BOOM 


at rates similar to those charged for con- 
ventional public pay phones. Earlier this 
year, four groups gained UK licenses to 
operate public Telepoint services. 

Now Britain’s near euphoria for the 
technology seems to be infecting the rest 








of Europe, and the French, Germans, 
Italians, and Spanish are all eager to 


climb aboard. But the EC wants a com- 
mon technical standard—something that 
even the British will not have before 
1990—or the first networks will be incom- 





HEFL LOLA LEASE. 
See 


MW AND IBM - FROM PHILIPS. 





optimized by a Philips Variable Transport System; reducing stock levels and throughput times, and thus 
product cost price. Being flexible and modular in terms of hardware, software, control and interface, VTS 
is a one-time investment that allows assembly of various products on the same line at the same time. > It also 
allows fast and easy adaptation to new products and even new assembly sites with a totally different layout. 
» In fact, the VTS now being used in Italy was originally installed at IBM’s assembly plant in the Nether- 


lands. 2 Philips innovative technology is also used in many other factory automation applications. 





PHILIPS. THE SURE SIGN OF XPERTISE WORLDWIDE. 


PHILIPS CORPORATE MARKETING COMMUNICATIONS, EINDHOVEN, THE NETHERLANDS. 
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TEXAS INSTRUMENTS 


A PERSPECTIVE ON DESIGN ISSUES 
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...the key to driving 
the linear evolution lies 
in the excellence of 


processing technologies. 
aaa 


aged in reliable, economical plastic. 
LinEPIC has also produced such 
high-speed, high-density interface 
chips as our Flash A/D and our 
Video DAC for use in graphics dis- 


plays, imaging systems, monitors, 


T 


chips are ideal for use in automo- 
tive antilock braking systems, 
electronic transmissions, and active 
suspension systems. 

Either technology can produce de- 
vices with low-side drive, high-side 








High-density Analog Interface Circuit chips demonstrate the greater integration achieved by TI’s 
innovative linear processing technologies. These DSP interfaces allow you to alter circuit configu- 
ration under software control without external adjustments. 











and cameras. Both devices require 
about five times less power than 
bipolar equivalents. 


Advanced Linear: Intelligent 
power for every car 


Chips fabricated with our Power 
DMOS-based BIDFET™ processing 
are replacing electromechanical 
relays in many automotive applica- 
tions, such as driving headlamps 
and motors. Power BIDFET allows 
us to minimize power loss in the 
switch and add high-complexity 
logic functions. 

Multi-EPI bipolar processing, a 
very cost-effective technology, is 
used to produce chips having 
inherent reverse battery protection 
and high operating voltages. Such 


drive, or H-bridge configurations. 

In the future, these developments 
may lead to multiplexed systems 
for cars, replacing bulky wiring 
harnesses. 


Advanced Linear: Enhancing 
modems and facsimiles 


TI’s dual driver/receiver is a good 
example of the integration 
achieved with advanced processing 
technologies. LinBiCMOS™ 
processing has enabled us to put 
the drivers and receivers needed for 
RS-232 voltage levels on the same 
chip with the charge pump 
required to generate the necessary 
split rails from a single 5-V supply. 
You eliminate external power sup- 
plies and get a device that’s easier 








to design with—it is available in 
our LinASIC™ cell library for 
integration with digital ASICs. 

A new family of Analog Inter- 
face Circuits (AICs) is emerging 
from our Advanced LinCMOS™ 
processing. The voice-band AICs, 
designed for modems and fax equip- 
ment, combine high-performance 
analog functions—14-bit A/D and 
D/A converters and switched 
capacitor filters—with digital 
functions such as control circuitry, 
program registers, and DSP inter- 
face. The usual clutter of resistors, 
capacitors, and pots is eliminated. 

High-speed AICs are available 
for use in servo controllers and 
hard-disk-drive applications. 

These AICs are also high-perfor- 
mance members of our LinASIC 
standard-cell library. Based on TI’s 
proven digital ASIC method- 
ologies, the LinASIC library has 
allowed us to develop complex, 
semicustom chips in as little as 


16 weeks. 


* 


Advanced Linear: Boosting 
instrumentation accuracy 


Even one of the most basic analog 
building blocks, the operational 
amplifier, is benefiting from TT’s 
Advanced Linear technologies. 
Our Excalibur op amp family com- 
bines low power consumption with 
a 5X speed improvement while 
retaining low offset voltages. Offset- 
voltage drift has been cut from _ 
300 uV to 60 UV to reduce your 
calibration, test, and measurement 
expenses. 

For high-accuracy applications, 
Advanced LinCMOS is making 
possible Chopper Stabilized Op 
Amps with chopping frequencies 
10 times higher than previously 
available (10 kHz). Noise levels are 


the lowest on the market. 





The evolution in analog devices 
has only begun. Dramatic progress 


lies ahead throughout the 1990s. 
As the Advanced Linear leader, 
Texas Instruments is pledged to 
remain at the forefront, supplying 
you with new ways to link digital 
brains to advanced analog worlds. 


i 
I or suggestions on choosing a linear SU lier, 
OS Ss 
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SIEMENS 


World standard plus know-how 


The quality of components is what To find out more about our discrete 
makes boards, units of equipment and semiconductors, just write 
whole systems reliable. Siemens AG, Infoservice B-Z016, 


Postfach 2348, D-8510 Furth, 


When you are offering components West Germany quoting “SOT 23” 


of very high standards of quality, 

you need know-how in many areas, _ 
particularly in manufacturing techno- Toplech Components 

logy. This is the kind of knowledge Siemens z — 
that Siemens has accumulated and Circle 6 “ 
consistently applies, in continuous -.. 

optimization of the entire manufactur- | se ~=—Cl 
ing process. Thus the whole spectrum 
of our SOT 23 components is produced : «.. 
on fully mechanized lines with CECC  —. . 
approval. = _ 

























However, to make full use of these 
_benefits the application must also be / 
optimal. And here too Siemens has the  _s. 
kind of know-how you need. Like in _ 
surface-mount technology, from board | 
layout through automatic placement to — : .. 
_ sure mastery of the different soldering : 
_ techniques. 


























izing Up 
_ the Earth 
in 200 B.C. 


Eratosthenes believed the earth was round. 
As director of the great library at Alexandria 
in Egypt, he decided to go beyond abstract 
argument and actually measure it to back 
up the argument. 

Knowing that the midsummer 
noon sun shone straight down 
a vertical well in Syene far to the 
south, he measured the slight 
angle of the sun's shad- ) 
ow in Alexandria on the same LEE vues 
day. He figured the distance between 
the two cities by how long it took a camel to 
walk there. Then, with a little simple geometry, 
Eratosthenes came up with fairly accurate 
figures for the earth's circumference and 
radius. His pioneering measurement made 
a significant impact on history. 


Communications Support for 2000 A.D. 
Today, Anritsu’s pioneering efforts in com- 
munications measurement are also paying 
off. Anritsu has long been a leader in the 
most sophisticated measuring methods, and 
continues to reach new levels of accuracy. 
The complex technologies behind modern 
multiplex techniques, for example, demand 
the highest degrees of precision. That's 
why carriers and manufacturers alike turn 
to Anritsu for the answers when it comes to 
accurate measuring and test equipment for 
COMMUNICatiONS. === 
Anritsu contin: | ee: 
ues the pioneer- 
ing tradition E 
in measurement. =e 
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MP1601A 5GHz Pulse Pattern Generator 


A/incitsu 


ANRITSU CORPORATION 
10-27, Minamiazabu 5-chome, Minato-ku, Tokyo 106, Japan 
Phone: Tokyo 03-446-1111, Telex: 0-242-2353 ANRITU J 
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EUROPEAN OBSERVER 


ing at 25 and 33 ‘MHz, respectively the 
to 8 million instructions DSL second. / 





Initially, ee signet will turn out 5, 000 laptops a pies bul ae expects it to. 
be producing 20,000 machines a month by 1993. Toshiba’s: a Is to a : 
duce pall of all the ee: it sells in. ge in py spgenerta: . sae 
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THE HPC FAMILY. 
NOTHING ELSE GIVES YOU 
THE SAME DEGREE OF 
FLEXIBILITY AND CHOICE. 


If you’ve been confronted 
with a “take it or leave it—that’s all 
you need” attitude on the part of 
your 16-bit controller vendor, we 
suggest you take a new look at 
National’s HPC” family. Because for 
today’s complex designs in infor- 
mation control, including printers, 
faxes, scanners, data storage and 
communications, you need a choice 
of optimized solutions that fulfill 
all your requirements. 

Specifically, you probably 
need more in the way of intelli- 
gence, connectivity, interface and 
data handling. And much less in 
overall system costs. The HPC family 
more than measures up to these 
considerations. Let’s look at just 
how well. 


MAKE THE 
INTELLIGENT CHOICE. 


Multiple functions mean 
multiple benefits. Including much 
faster context switching and inter- 
rupt response, due to our compact 
54-instruction set. And higher 
system performance, because of 
our fast 30MHz clock rate, 67-ns 
instruction cycle, and 16-bit mem- 
ory mapped architecture. And our 
ANSI-standard C compiler is just 
one way the HPC family can lower 
engineering costs, and speed 
your time to market. 


© 1989 National Semiconductor Corporation 


HPC is a trademark and TapePak is a registered trademark of National 
Semiconductor Corporation. 













HPC PRODUCT FAMILY SUMMARY 


Memory 
Part # 7 UPI}I/O} ROM RAM Features 


4|CRs 
4|CRs 
4|CRs 
4|CRs 

8 CH A/D 

8 CH A/D 
2HDLC &4DMA 
HPC16083MH UV Emulator 


Standard features: Watchdog, Synchronous Serial Peripheral 
Interface, Uniform Memory Address Space, UART, 32X16-bit 
divide, 16X16-bit multiply, and available as standard cell. 


DEVELOPMENT TOOLS: 
PC-based development system 
Relocatable C compiler, linker and symbolic debugger 


ICRs = Input Capture Registers 
HDLC = High-Level Data Link Control 


*MIL-STD 883C 


Another v4 
is packaging, . 3 

and specifically, — 
our unique fea- 























generation in VLSI packaging, 
TapePak gives you a wide variety of 
industry-standard, high-density, 
high-leadcount options. When you 
put it all together, then throw in 
eight timers and up to 11 addressing 
modes, you can easily see why 
members of the HPC family are 
considered smart cookies indeed. 


OPT FOR INTERFACE 
AND CONNECTIVITY. 


The HPC family has more 
on-chip integration, and increased 
I/O. And that can mean a lot more 
capacity to manage system functions. 
It can also mean a lot less, when 
it comes to reducing board space 
and chip count. In addition, our 
Universal Peripheral Interface (UPI) 
allows you to partition your system, 
by using the HPC as a peripheral 
to a host processor for high-end 
applications. 





Call National. 


PUT THROUGHPUT AT 
THE TOP OF THE LIST. 


Thanks to our on-and-off 
chip uniform memory mapped 
peripherals, all data manipulation 
can be accomplished on any mem- 
ory location, regardless of whether 
it’s part of an external device, or 
on the HPC itself. Which can be 
very important in ISDN, SCSI and 
LAN applications. 


: ASK ABOUT OUR 
F NEW COMMUNICATIONS 
CONTROLLER. 













For data communica- 
tions, and especially for those 
applications requiring prctocol 


ture called TapePak®As the latest aaa conversion, we offer the newest 


member of our HPC family: the 


HPC16400. It’s a complete solution, 
supported by a full library of appli- 
cation-specific software. With two 
full-duplex HDLC channels, driven 
by 4-channel DMA, plus one full- 
duplex programmable UART chan- 
nel for rate adaption, the HPC160400 
is completely optimized for TE, 
TA, and line-card applications. 


CALL AND FIND OUT MORE. 


To get a free brochure on our 
full HPC family, call us today at 
800-825-5805, ext. 100. Once you 
discover how we do business, you'll 
agree that when it comes to 16-bit 
controllers, there’s only one 
company of choice: National. 


National 
Semiconductor 
Circle 13 





OEM can afford to ignore. “There are 
around 4,000 applications written for 
68020-based Unix platforms,” says Travis 
Lutton, editor and publisher of PC/ 
Workstation Wars, a San Jose, Calif., 
monthly newsletter on work stations. 
“But only around 400 have been written 
for RISC-based work stations.” In addi- 
tion, there are 2,200 applications running 
under Xenix on the 80286- and 80386- 
based computers, says Richard 
Yanowich, the manager of developer rela- 
tions and market development at the San- 
ta Cruz Operations in Santa Cruz, Calif. 
Both users and software developers 
have a vested interest in this installed 
base. For their part, users have a wide va- 
riety of different applications available 
on these CISC-based platforms. And ap- 
plications developers can add more fea- 
tures and functions to existing software 
to take advantage of the increased com- 
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puting power of next-generation plat- 
forms. Or they can write new programs 
that can sell into a large installed base of 
compatible systems. 

Porting that software to a new plat- 
form is expensive and time-consuming, 
no matter how clean the new architecture 
or how compatible the compilers on dif- 
ferent platforms, says Butts at Mentor. 
Developing and maintaining two separate 
sets of software starts to cost a signifi- 
cant amount of money after a while. Men- 
tor’s product line comprises around 5 mil- 
lion lines of source code; doubling that 
amounts to a substantial investment in 
programmers’ time. 

In addition, getting software developed 
for a new platform is a Catch-22 situation. 
Software developers are reluctant to cre- 
ate programs for a platform until it has a 
decent number of users. Users are reluc- 
tant to buy the platform until it has a re- 


spectable amount of software that can 
run on it. 

The advantage that existing CISC chips 
have in software ties into the potential 
that opens up for them with the newer, 
bigger semiconductors. Using the enor- 
mous number of transistors now avail- 
able and working with far more effective 
circuit-design tools, CISC-chip makers are 
creating what amounts to a new class of 
microprocessor: the CRISP chip. 

Both Intel and Motorola’s newest 
chips—the 80486 and 68040, respective- 
ly—qualify for the new designation. They 
incorporate RISC-like features to run in 
under two clock cycles instructions that 
once took four to six cycles, and they take 
advantage of more transistors and better 
design to cram onto one chip floating- 
point and memory-management units and 
caches to further boost performance. 
Both rival RISC chips in their power—but 
at the same time they are direct descen- 
dants of their CISC predecessors, and so: 
they maintain software compatibility 
with them. The immense library of CISC- 
based applications packages is available 
to their users. 

“Having less than two cycles per in- 
struction on a CISC machine means that 
frequently executed instructions such as 
Load, Store, and Add are implemented in 
hardware rather than microcode,” says 
Mentor’s Butts. That takes more gates, 
of course, “but with 1 million gates possi- 
ble on a chip, CISC designers have gates 
to spend,” he says. 

Both new chips incorporate an integer 
unit that is fully compatible with earlier 
members of their families. Both of them 
contain MMUs that first appeared on-chip 
with the previous-generation 80386 and 
68030. However, both companies have im- 
proved the MMUs on the newer devices to 
up performance. For example, Motorola 
added two independent address-transla- 
tion caches to the 68040 paged-MMU 
which allow simultaneous translation of 
both instruction and data accesses. 

Both processors have on-board four- 
way set-associative caches. The 80486 has 
an 8-Kbyte shared cache. The 68040 has 
separate address and data caches, al- 
though Motorola will not reveal their ca- 
pacity. With the MMU’s address-transla- 
tion caches, the independent address and 
data caches allow the 68040’s integer and 
floating-point unit to access the instruc- 
tion and data cache simultaneously. 

That means the on-board floating point 
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microprocessor world is inevitable, bar- 
ring the development of some unforeseen 
technology that will eclipse RISC, CISC, 
and CRISP alike. The trend is evident in 
the market projections people are making 
for the various architectures. 

For example, International Data Corp., 
the Framingham, Mass., market-research 
firm, expects sales of all work stations to 
grow at a compound annual rate of over 
36% through 1992. But work stations 
built around RISC chips will grow at 83%, 
from 50,000 units shipped this year to 
225,000 units in 1992. Of the 540,000 work 
stations of all kinds expected to ship in 
1992, IDC predicts 427% will be RISC-based 
machines, 37% CISC-based, and the rest 
CRISP or some other architecture. 

Perhaps the greatest evidence that 

RISC is the wave of the future is not mar- 
ket figures but the actions of the market 
leaders. Both Intel and Motorola, the 
leading sellers of conventional CISC pro- 
cessors, have introduced RISC processors 
of their own. Intel’s chip, the 80860, is the 
newer of the two, arriving a little more 
than two months ago [Electronics, 
March 19839, p. 25]. Motorola’s 88000 came 
out a little more than a year ago [Flec- 
tronics, April 28, 1988, p. 75]. 
A FIRST. The 80860 from the Santa Clara, 
Calif.-based Intel is the first RISC proces- 
sor to take advantage of the chip capacity 
made possible by the latest semiconduc- 
tor technology. Along with the 32-bit inte- 
ger processor—which uses a very small 
set of 32 instructions—are a floating- 
point unit, memory-management unit, 
graphics processor, and cache. Connect- 
ing all of them is an extensive network of 
64-bit-wide buses moving data at the rate 
of a gigabyte per second around the chip. 
Most other RISC chips have a 32-bit inter- 
nal architecture. 

However, Intel’s competitors say the 
compilers for the Unix operating system 
are, so far, not sufficiently developed to 
make the chip a competitive threat. Intel 
announced C and Fortran compilers and 
Fortran vectorizers when it introduced 
the chip. 

Nevertheless, a number of system 
makers have signed on to use the 860. 
Mercury Computer Systems Inc., a manu- 
facturer of application accelerator boards 
in Lowell, Mass., is one of them. Stratus 
Computer Inc., a Marlboro, Mass., manu- 
facturer of fault-tolerant computers, is 
another. Mercury’s first products, using 
the 88-MHz version, are scheduled for in- 
troduction in the fourth quarter of this 
year, with volume shipments to begin in 
early 1990. Stratus is actually switching 
from another RISC chip, the Motorola 
88000, to the Intel 860 as its central pro- 
cessor for a future product family to be 
introduced in the early 1990s. 
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Reports of the 
death of CISC are 


exaggerated, but if 
current trends 
continue, the 
future belongs 
to RISC 


The 88000 from Motorola, based in 
Austin, Texas, is not as highly integrated 
as Intel’s chip. The 88000 actually con- 
sists of two chips, one holding the integer 
and floating-point units and the second 
carrying the memory management, cache 
memory, and cache logic. On the other 
hand, it’s been around longer and hence 
has been designed into more systems— 
depending on production volumes, some 
20 companies are planning 88000-based 
systems. 

Chief among them is Data General 
Corp. in Westboro, Mass. The chips are 
being used in a 20-MHz single-processor 
version and a 40-MHz dual-processor ver- 
sion of Data General’s machines. 

The 88000 uses an instruction set 
slightly larger than the Intel 860’s, but is 
still quite small at only 51 commands, 
none larger than 32 bits wide. It can exe- 
cute in less than 1.5 instructions per cy- 
cle, using an architecture divided into in- 
dependent execution units: the data unit, 


ee 


Ses 
ee 
a 
baits ETT 


esenseasenet 


ist 
ae 


BE 


a 
ae 


ae 


ee 
ee 
ce 


the instruction unit, the floating-point ad- 
der, and the floating-point multiplier. 
Each unit has its own pipeline and can ex- 
ecute concurrently. The companion chip 
provides memory-management logic, 16 
Kbytes of fast-cache static RAM, and 
cache-control logic. 

The first version of the chip set is now 
entering volume production. It can run at 
14 to 17 mips of throughput using a 20- 
MHz clock. This month, Motorola will 
start offering samples of a 25-MHz ver- 
sion that will push performance up to 20 
mips or more. 

A number of architectural variations 
are also being considered. One obvious 
one is an integrated version, putting the 
processing units and the memory func- 
tions on one chip. Another is a less expen- 
sive version, without the floating-point 
processor, targeted at embedded proces- 
sor applications (see p. 74). Yet another 
would be specialized application-specific 
variations with instruction-set exten- 
sions. Also being considered are architec- 
tural variations that incorporate expand- 
ed data, address, and instruction buses to 
push the execution rate faster, to under 
one clock cycle per instruction. 

In cooperation with Data General, Mo- 
torola is also working on a multichip, bi- 
polar emitter-coupled-logic version of the 
88000. Scheduled for completion in early 
1990, the new chip set would be blindingly 
fast: a sustained data rate of 100 mips 
and a peak rate of at least 140 mips. 

Even higher performance will result 
from the ECL variant of the 80486 that 
will be jointly developed for a multipro- 
cessor system by Intel and Prime Com- 
puter Inc. of Natick, Mass. However, the 
companies do not anticipate releasing a 
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teger processor. No standard definition 
for an MMU, cache controller, cache 
scheme, or floating-point unit was avail- 
able. And the only implementation was a 
gate-array version, from Fujitsu Micro- 
electronics Inc. in San Jose of the integer 
processor and a floating-point controller 
chip for Weitek floating-point units. The 
MMU, cache control and configuration, 
and floating-point computational units 
were left up to the customers and the 
chip vendors. 

A movement is afoot now to standard- 
ize some Sparc reference architecture 
definitions for these features. For exam- 
ple, a new implementation from Cypress 
Semiconductor Corp. in San Jose provides 
a complete architecture including the in- 
teger processor, floating-point unit, mem- 
ory management, and cache, and sets up 
support for multiprocessing. 

The multiprocessing support includes a 
direct-data-intervention multiprocessing 
protocol for maintaining cache consisten- 
cy. The chip’s memory-management unit 
conforms to the Spare reference MMU ar- 
chitecture. Other reference specifications 
adopted include one for the module bus. 
In addition, Cypress is circulating the 
specs for its cache-consistency protocol 
among the members of Sparc Interna- 
tional with the suggestion that it become 
a Sparc reference standard available to 
all Sparc licensees. 

The Cypress chips—the 7C600 family— 
are being built using a 0.8-4m CMOS pro- 
cess technology, which the company 
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There’s a Catch-22 
in software: 
developers wait 
until a platform 
has users, users 
wait until there’s 
lots of software 


claims is the most advanced CMOS in pro- 
duction. With this process, Cypress can 
produce highly integrated processor chip 
sets running at 33 to 50 MHz. 

So far, the integer unit is rated at 25 
and 33 MHz in different versions. Cur- 
rently, floating-point support requires a 
CY7C608 floating-point controller and 
CY7C609 floating-point unit. But this 
quarter Cypress will have samples of an 
integrated 64-bit floating-point engine, 
the CY7C602, that completely imple- 
ments the Sparc floating-point instruc- 
tion set. The CY7C602 will be offered in 
25- and 33-MHz versions delivering over 5 
million double-precision Linpak floating- 
point operations per second. 

To round out the set, Cypress is build- 
ing an integrated cache controller and 
MMU chip in two flavors. The CY7C604 is 





a complete implementation of the Sparc 
reference MMU architecture. This chip 
will make Sparc the first RISC architec- 
ture to support real-time processing—it 
will have the capability of locking entries 
in the on-chip translation lookaside buffer 
and entries in the cache’s RAM. 

The second flavor is the CY7C605, 
which is a superset of the CY7C604 CMU 
that supports multiprocessing with a 
dual-cache-tag architecture, plus a cache 
model that allows each processor to ac- 
cess each cache directly while maintain- 
ing coherency among them. The CY7C604 
will be available in sample quantities this 
quarter at 20, 24, and 33 MHZ; samples of 
the CY7C605 will be available in the third 
quarter at 25 and 83 MHz. 

Fujitsu, the makers of the first Spare 
chip, now has its second-generation im- 
plementation in production. The 25-MHz 
S-25 integer chip, implemented with the 
Fujitsu 1.2-4m CMOS process, can 
achieve sustained performance of 15 
mips. Fujitsu also makes floating-point 
controller chips to go with the Sparc inte- 
ger processors. It expects to ship in vol- 
ume in a couple of months. 

A third generation of Sparc architec- 
ture, Sparc-H, has been in the works for 
the past year at Fujitsu’s Advanced Prod- 
ucts Division. Samples should be avail- 
able in the second half of this year. 
‘Sparc-H is the next level of price/perfor- 
mance beyond the Cypress implementa- 
tion,” says Susan Mason, Fujitsu’s mar- 
keting development manager. Sparc-H 
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ble applications software, an independent 
company, Synthesis Software Solutions 
Inc. of Sunnyvale, was set up by MIPS a 
year ago to be a software services and de- 
velopment organization to all companies 
building computers out of the MIPS chip 
set. “Synthesis does its job two ways: by 
contracting to license or relicense prod- 
ucts developed by others and, over time— 
within the next year—developing its own 
tools,” says Owen Brown, the company’s 
president and chief executive officer. 
Synthesis is concentrating on horizontal 
packages—tools and tool sets, such as 
compilers along with tools for optimiza- 
tion and porting. 

The Synthesis software catalog, issued 

last January, contains 24 software pack- 
ages distributed by Synthesis and refer- 
ences 48 packages distributed by other 
companies. Data-base systems are the 
dominant type of software currently 
available. The second most popular cate- 
gory is languages. Synthesis plans to ex- 
pand in the next two years beyond the 
data-base emphasis with communications 
and interoperability tools and more lan- 
guages, according to Brown. 
POPULAR. MIPS’s approach is proving 
commercially attractive—industry ex- 
perts say 30 to 35 major computer compa- 
nies are building systems around it or 
plan to in the immediate future. Vendors 
with systems on the market include Sili- 
con Graphics Inc. of Mountain View, 
Calif., the leading supplier of high-perfor- 
mance, three-dimensional-graphics work 
stations, and Ardent Computer Corp., 
Sunnyvale, Calif., with its Titan super- 
computer work station. 

The biggest and best-known company 
to sign up with MIPS did so early this 
year: Digital Equipment Corp. in May- 
nard, Mass., introduced a series of high- 
end work stations based on the MIPS pro- 
cessors [Hlectronics, February 1989, 
p. 49]. Another big name, Sony Corp., has 
announced that it will use MIPS proces- 
sors for future Sony NeWs work sta- 
tions. And MIPS itself has gotten into the 
systems business with a line of desktop 
work stations. 

The Spare and MIPS architectures both 
are technological leaders and strong mar- 
ket contenders, but the market leader is 
the first commercially available RISC pro- 
cessor, the Clipper, from Intergraph 
Corp. in Huntsville, Ala. Intergraph, a 
work-station vendor, bought the Clipper 
technology from Fairchild Semiconductor 
Corp. in Cupertino, Calif., when Fairchild 
was acquired by National Semiconductor 
Corp. of Santa Clara; National already 
had its own RISC offering, the 3200 fam- 
ily. Some 20,000 Clipper chip sets have 
been sold. 

The Clipper series—there are two prod- 
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ucts, the C100 and the newer C300—is 
similar in architecture to Motorola’s 
88000. The two processors have in com- 
mon their ancestry and architectural phi- 
losophy, but diverge on the details of 
hardware implementation and instruc- 
tion-set makeup. Unlike the MIPS archi- 
tecture with its roots at Stanford and the 
Spare architecture with its Berkeley ori- 
gin, the Intergraph and Motorola imple- 
mentations can trace their genesis to the 
supercomputer designs of Seymour Cray, 
founder of Cray Research Inc., the super- 
computer market leader. 

Both use register scoreboarding to al- 
low multiple instructions to execute con- 
currently with a guarantee that “‘stale” 
data will never be used. Both architec- 
tures are oriented toward multiprocess- 
ing applications and therefore are parti- 


The Sparc and 
MIPS architectures 
are both strong 
contenders, but in 
the RISC market, 
the leader is still 
the Clipper 








tioned similarly, with the integer and 
floating-point units on one chip and the 
cache memory and logic integrated on an- 
other chip. In both cases, a minimum 
three-chip set is required: the CPU and 
separate cache/memory-management 
chips for instruction and data. All data 
transfers to and from main memory are 
done via an external multimaster bus 
that allows multiple chip sets to share 
main memory. 

Internally, the CPUs reflect a similar 
philosophy with multiple execution units 
that operate concurrently. Both are pipe- 
lined, with three stages for the Clipper 
and four for the 88000. 

One major advantage OEMs see in the 
Clipper family compared with other RISC 
machines, including the 88000, is avail- 
ability, not just in sample quantities, but 
in volume production. Where the Clipper 
departs from the 88000 is not in its tech- 
nology but in its longevity in the market. 

‘When we started development on our 
product, we looked at everything that had 
been announced,” says one Clipper user, 
Dale Petros, a software engineer at Len- 
nane Advanced Devices Inc. in Sacramen- 
to, Calif. ‘“We found that the only real 
RISC machine around that was in volume 
production and that we could reliably de- 
pend on for parts in the quantities we 
needed was Intergraph’s.”’ 

Similar concerns were what brought 
Intergraph one of its most important cus- 
tomers to date: E. I. Du Pont de Nemours 
and Co., based in Wilmington, Del. The 
deal allows for volume purchases of 
50,000 units or more per year, which will 
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Success in electronics is no longer 
the domain of the individual. 
Today, finding a partner who offers 
the right combination of corporate 
resources and experience is the 


key to success in the future. 


Let Fujitsu’s total resources as a 
major force in telecommunications 
technology, Japan’s No.1 computer 
manufacturer and the world’s 


SIC leader work for you. 


Fulitsu’s record of success extends 
across a wide range of products 


and technologies. 


4-8-16-32 Bit microprocessors 
ISDN components 

SP building blocks 

escaler devices 
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SIC design software. 








Fujitsu be your partner 
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Together we can see and go 
yet further! 
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nologies to the future defense of the 
U.S., the Pentagon ranked GaAs devel- 
opment second only to microelectronics 
advances in general. 

This mixed message has already irked 
some congressmen and may become a 
topic of debate when serious discussions 
of the fiscal 1990 budget get under way. 
That debate has already started, with 
Darpa firing the first salvo: Roosild says 
the $19 million SDI is seeking for GaAs 
research in 1990 “is not really enough to 
support a program that goes anywhere.” 

Why has GaAs lost its luster? The an- 
swer lies primarily in the more immedi- 
ate success of two alternatives—bulk 
CMOS silicon and silicon-on-insulator, a 
variant of the older silicon-on-sapphire 
technology that is now the most com- 
mon choice for critical rad-hard applica- 
tions. Experts agree that GaAs will al- 
ways be tougher than any silicon tech- 
nology when it comes to “total-dose”’ ra- 
diation—the ability to survive a lifetime 
of repeated exposure. This can ultimate- 
ly damage the material of a chip, slowing 
it down and otherwise degrading perfor- 
mance. But the difference in yield, cost, 
and, more important, circuit density, 
have made these alternative technolo- 
gies more and more attractive. 

GaAs also has an edge over most sili- 
con technologies in terms of speed, but 
because of the huge weight concerns of 
space platforms, density is often a more 
critical consideration. So experts now 
expect GaAs to be used only in niche ap- 
plications, where its unique combination 
of speed, power, and hardness are ex- 
pressly called for. “The only place GaAs 
is better is total dose,” says Barry Dun- 
bridge, assistant general manager for 
technology at TRW Inc.’s Electronics 
and Technology Division in Redondo 
Beach, Calif. “Since it’s no better with 
the other [criteria], it simply doesn’t 
have anything to offer. You’ve got to 
ask: do you really need the speed for the 
higher cost?” 

So for the short term, silicon in some 
form is the answer. That solution seems 
remarkable in light of the conventional 
wisdom of a decade ago, when silicon 
MOS technologies were considered ‘‘too 
soft” for space and missile applications, 
Dunbridge says. At that time, the mili- 
tary and the National Aeronautics and 
Space Administration leaned on conven- 


tional or dielectrically isolated bipolar . 


technologies for their nuclear and space- 
based missions. But as the industry 
shifted away from n-channel MOS to 
CMOS while embracing smaller and 
smaller geometries, designers also had 
to move to thinner oxide layers on their 
chips. In so doing, they fell upon a happy 
accident: once oxides were cut in half, to 
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about 250 A or less, it turned out that 
“CMOS was good enough for peaceful 
space applications,’ Dunbridge says. 

Total-dose hardness levels of 100 
Krads and higher were easily attainable. 
Likewise, as operating speeds improved, 
CMOS became less susceptible to dose- 
rate attack, a sudden blast of radiation 
that can cause photon-induced currents 
to course through a chip, causing a spike 
effect that can upset memory bits and 
cause logic transitions. Halving the ox- 
ide thickness produces a factor-of-eight 
improvement in total-dose hardness and 
a four-times improvement in dose-rate 
protection, Dunbridge says. 

Later, chip developers realized that 
hardening CMOS further was a matter 
of insulating individual transistors from 
one another. They found that by build- 
ing silicon circuitry on an insulating sub- 
strate of synthetic sapphire, or by some- 
how growing an insulating layer onto 
the silicon substrate itself, they could 
produce still harder circuits. 

More recently, IBM Corp.’s Federal 
Systems Division in Manassas, Va., and 
Honeywell Inc.’s Solid State Electronics 
Division in Colorado Springs, Colo., have 
pushed straight CMOS as potential solu- 
tions to even the , 
most stringent rad- 
hard problems. Us- 
ing extensions of 
the processes they 
developed for the 
Pentagon’s Very 
High Speed Inte- 
grated Circuit pro- 
gram, both compa- 
nies have produced 
rad-hard CMOS 64- 
Kbit static random- 
access memories 
with SDI funding, 
using an isolation 
technique that es- 
sentially amounts to 
building a silicon : 
wall and moat ——” 
around each transis- 
tor. Their success 
has thrown the rest (7 
of the rad-hard | am 
world intoatizzy. § 

Unlike most rad- 
hard programs, 
which require only a 
modicum of memo- 
ry and which off- 
load most if not all 
of the processing 
needs to ground- 
based systems, SDI 
satellites must be 
capable of instanta- 
neously reacting to 














nuclear events around the globe. And 
their need to handle tremendous on- 
board computing tasks means they will 
require levels of memory capacity never 
before seen in space-based systems. 
“SDI birds are memory-hungry,” says 
the Army’s Dudney. “Little 4- and 16- 
Kbit memories aren’t going to do it.” 

Hence the extensive investment in 
SRAMs in virtually every technology, 
from GaAs—where 16-Kbit SRAMs are 
now available—to silicon. Having suc- 
cessfully developed 64-Kbit silicon tech- 
nology, IBM and Honeywell are now 
working on the 256-Kbit level. Other 
funding, from SDI and the DNA, has 
boosted development of a silicon-on-insu- 
lator 64-Kbit SRAM from Texas Instru- 
ments Inc. of Dallas and a silicon-on-sap- 
phire 64-Kbit part from General Electric 
Co.’s Microelectronics Center in Re- 
search Triangle Park, N. C. 

These new technologies are beginning 
to edge out the oldest, silicon bipolar, 
which is currently flying in more satel- 
lites than any other. Silicon bipolar was 
the first technology to reach a high 
enough maturity level to satisfy the his- 
torically cautious space community. But 
this process is today very limited in den- 





Goorin arsenide is tougher than any 

silicon technology but is plagued by high cost, low 

yield, and low circuit density. The Pentagon has cut 
back GaAs funding by more than half 
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The last real improvement in direct 
writing recorders was the pressurized 
ink recorder back in 1961. For the first 
time chart tracings were uniform and 
Clear with no skipping. Simply beau- 
tiful. And since 1961 the pressurized 
ink recorder has been the standard 
that all others had to measure up to. 

Until now. 

Introducing the revolutionary New 
Technology MT-9500 direct writing 
recorder. 

It is revolutionary because it has 
a frequency response equal to light 


Other New Technology MT Series Recorders 


Model MT-8800 records DC to 5 kHz real time with 
extremely sharp traces on plain thermal paper. Provides 
ration including data capture and 


many modes of o 
channel overlap. (Shown at left). 


at right). 
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beam recorders Up to 12 kHz. Real 
time. 

It is revolutionary because it has no 
moving parts. Only the paper moves. 

It is revolutionary because it doesn’t 
use costly photo papers or ink or 
toners or chemicals. It uses everyday 
low cost plain thermal paper. 

It is revolutionary because it records 
waveforms, does line printing, logs 
pertinent information about recording 
conditions including time and chart 
speed. And prints the chart grid. 
That's right. Prints the chart grid. All 








at the same time. 

It is revolutionary because it can 
capture data and let you do an “instant 
replay” in slow motion for in-depth 
analysis of complex waveforms. 

It is revolutionary because it is, well, 
reliable. No ink to mess with. No pens 
to change. No mechanisms to fight 
with. Nothing moves except electrons 
and the paper. 

Not quite so revolutionary are the 
beautiful crisp, uniform chart tracings it 
makes. Reminds you of pressurized ink. 

But remember, no ink. 


You have to see the MT-9500 and other 





New Technology MT Series recorders in 
action to appreciate their remarkable capabili- 
ties. So phone today for an obligation-free 
demonstration. Or phone or write for our new 
comprehensive brochures. 


Ai Astro ‘Med, Inc. 


Astro-Med Industrial Park, West Warwick, 
Rhode Island 02893-2321 (401) 828-4000 
Toll free: (800) 343-4039 | 


Telex: 710-382-6409 * FAX: (401) 822-2430 
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THE NEXT GREAT HOPE: DIAMOND CHIPS — 


ilicon in all its varieties dominates to- 

day's market for radiation-hardened 
microcircuits, but scientists say the tech- 
nology is ultimately too soft for the har- 
shest radiation-packed environments. 
Their slogan: silicon lasts a while, but dia- 
monds are forever. 

Diamonds? Well, diamond semiconduc- 
tors. If engineers can master the fine art 
of growing diamond substrates, diamond 
chips—not the kind that go into earrings, 
but working electronic circuits etched 
into diamond substrates—will be the pre- 
ferred technology for all space and nucle- 
ar applications. No matter how advanced 
silicon or gallium arsenide technologies 
get, both materials will always be limited 
by inherent characteristics that, sooner 
or later, make them vulnerable to radia- 
tion damage. Not so diamonds. 

“The higher hardness in diamond is go- 
ing to run circles around everything else,” 
says Dwight Duston, director of innovative 
science and technology at the Strategic De- 
fense Initiative Organization, which has 
spent about $18 million in diamond re- 
search in the last four years. 

Of all potential semiconductor materi- 
als, diamond has the highest breakdown 
voltage, the highest saturated electron 
velocity, the highest thermal conductiv- 
ity, and the lowest dielectric constant. 
“Combine all those things and what you 
get is high power, high frequency, and 
rad-hard,’’ says F. Thomas Wooten, vice 
president for electronics and systems at 
the Research Triangle Institute in Re- 
search Triangle Park, N. C., which has an 
ongoing diamond program funded in part 
by SDIO. “Diamond technology is stimu- 
lating a lot of interest.” 

What's more, diamond has mainstream 
potential in non-rad-hard markets. Any 
application where high frequency, high 
speed, and the ability to operate at high 
temperatures are needed is ripe for a dia- 
mond solution, say officials at SDIO, the 
Office of Naval Research, and several 
private laboratories that are working on 
diamond development. | 

The high-temperature operation is par- 
ticularly attractive for satellite applica- 
tions, since 65% of the average satellite is 
dedicated to thermal management, Dus- 
ton says. Since diamond circuits could op- 
erate at upwards of 600°C—475°C higher 
than silicon or GaAs—much of that cool- 
ing equipment could be eliminated. That 
would give satellite designers the chance 
to greatly increase a bird’s capability or 
to decrease its size, so that smaller, less 
expensive launch vehicles could be used. 
Immunity to heat would also permit the 
use of diamond chips inside aircraft en- 


gines or nuclear reactors to monitor — 


performance. 
But immunity to heat is only one facet 
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of diamond’s brilliance. Based on a for- 
mula developed in 1972 to derive “figures 
of merit” for large-scale integrated-cir- 
cuit materials, diamond is at least 32.2 
times superior to silicon, says Max Yoder, 
a program manager at the Office of Na- 
val Research. Another formula developed 
for microwave and millimeter-wave ICs 


rates diamond 8,200 times better than sili- | 


con and nearly 1,200 times better than 
GaAs, the preferred MMIC technology. 


“Tf we could build diamond semicon- 


ductors today, we could revolutionize the 
Mimic program,” says Duston, referring 
to the Pentagon’s five-year, $250 million 
effort to develop high-density MMICs. 
And there’s the rub: diamond semicon- 
ductors can’t be built today. One re- 
searcher, Michael Geis at the Massachu- 
setts Institute of Technology’s Lincoln 
Labs in Lexington, Mass., has had some 
success in building circuits on natural dia- 
mond. But fabricating 
dense circuits in volume 
will remain nothing but a 
pipe dream until someone 
learns how to make us- 
able diamond substrates. 
Natural diamond is too 
expensive and stones are 
too small to be used for 
anything but research, so 
synthetic diamond is the 
key. The problem, says 
Duston, is that diamond 
“has a hard lattice con- 
stant to match.” : 
So while it can be grown 
epitaxially with relative 
ease, finding a suitable 
substrate to grow it on 
has so far perplexed scien- 
tists. Without a good lat- 
tice match, growing any- 
thing more than an ul- 
trathin diamond layer is 
impossible—the material - 
will crack under the strain 
of the mismatched molec- 
ular structures. : 
There are materials | 
that do match diamond’s 
lattice, says James A. 
Hutchby, director of 
RTI’s Center for Semi- 
conductor Research. But 
none of these are capable 
of withstanding the 700- 
to-800°C temperatures 
that diamond must be 
grown at. The institute's 
latest hope: finding a cop- 
per-nickel alloy that can 
come close to matching © 
diamond’s lattice. 
Meanwhile, research- 
ers at Crystallume, a 








different tack. They’re trying to develop 


Bi he key to producing diamond ICs 
is finding a substrate to match diamond’s 



















Menlo Park, Calif., company, are taking a 


a lower-temperature process for growing 
diamond that might allow the use of lithi- 
um-fluoride and other materials that, 
while they match diamond’s lattice close- 
ly, disintegrate at between 300 and 400°C. 
If they can grow diamond at a low 
enough temperature, they can use these - 
substrates to get started and then burn > 
them off at a later stage in the chip-mak- 
ing process, says SDIO’s Duston. © : 

Likewise, the Naval Research Labora- 
tories are also interested in lower-temper- 
ature processing, says James Butler, an 
NRL researcher. ‘‘Right now, we sort of 
have a simple-minded view of why dia- 
mond can be grown by chemical vapor de- 
position,’ he says. “The next aspect of 
our research is to understand the surface 
chemistry of diamond so we can grow the 
material at lower temperatures.” -—-TZ' N. 
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HERE COME “ 


THE TEMPS 


Electronics-industry managers 
are relying more heavily 
on contract engineers and 
third-party development houses 
as pressures on 
profit margins dictate 
keeping a leaner 
full-time staff 
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HIRE RATE IS SOARING 





here’s a valued new employ- 
ee on the scene in the electronics industry 
these days, but you won’t find his or her 
name on the regular payroll roster. The 
engineer, designer, or project manager in 
question is a ‘“‘temp’’—a highly skilled 
hired gun brought on for a particular pro- 
ject with a limited life span. 

Though using temps is not a new con- 
cept, the hire rate has soared, spurred by 
heightened competition that puts a premi- 
um on a company’s ability to change its 
work force quickly in response to chang- 
ing technology. Hard statistics are diffi- 
cult to come by, but some sources believe 
high-technology firms ac- 
count for up to 25% of all 
salaries paid to temps in 
the U.S. today. Another 
index of the robustness of 
the trend is found in the 
temp-agency business it- 
self, which has scored an- 
nual growth rates of more 
than 20% over the past 10 
years running. 

Hand-in-hand with the 
increasing reliance on out- 
side help—whether individ- 
ual contractors or those re- 
cruited through a high- 
tech temp agency—is the 
related phenomenon of 
third-party development 
houses. Such busiresses, 
which in effect are subcon- 
tractors that handle a pro- 
ject from the design stage 





through pilot manufacturing, are flour- 
ishing. As an industry, they’ve skyrocket- 
ed from a mostly insignificant role a dec- 
ade ago to be worth a combined $1 billion 
annually, according to estimates by busi- 
ness consultant Arthur D. Little Inc. of 
Cambridge, Mass. 

A notably open-minded bunch, elec- 
tronics-industry managers have long 
been hiring temps to smooth out work- 
load peaks or to fill in for absent hands. 
As far back as the mid-1970s, they discov- 
ered that skillful weaving in of outside 
talent could give them an edge over the 
competition. In fact, the peaks and val- 
leys associated with the semiconductor 
business cycle are tailor-made for temps. 
Motorola Inc.’s Semiconductor Products 
Sector, for one, has avoided the heavy 
layoffs that come with the down part of 
the cycle by depending more heavily on 
contract labor than its peers. 

But today, competitive pressures on 
profit margins require keeping the lean- 
est possible full-time staff and make find- 
ing quality temps more urgent. Technol- 
ogy talent usually comes through techni- 
cal service agencies, which supply design- 
ers, engineers, and scientists as readily 
as Kelly Services agencies deliver office 
help. These “nonstandard types of staff- 
ing,’ as the Conference Board, a busi- 
ness-research organization, calls temps, 
may be referred to as alternative, contin- 
gent, or peripheral employees. Some talk 
about the trend as a “core-ring”’ concept, 
where a work force is divided into a core 
of full-time workers surrounded by an 
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Decker, is choosing personnel “who truly 
want to be temporaries.”’ Although sala- 
ries are comparable with those of full- 
time counterparts, the jobs carry no medi- 
cal, pension, or other benefits, so the ideal 
hires are retirees, students, or part-tim- 
ers who have coverage elsewhere. The 
bedrock requirement is that Force work- 
ers cannot use temp jobs as stepping- 
stones to permanent slots at HP. “This is 
not a screening device’ for full-time em- 
ployment, Decker says. To this end, there 
are built-in time limits in two categories: 
contract workers of from one to six 
months, extendable to two years maxi- 
mum; and pool workers who come and go, 
to a total of 1,400 hours a year. So far, at- 
tracting the right mix of workers has 
been no problem, the company says. 

Part of the impetus for Flex Force 
springs from HP’s no-fire policy, a stance 
that cost it dearly in 1985. During that 
downturn, HP kept several thousand un- 
needed workers on its payroll and 
“learned a lesson,” Decker says, about 
how temp help interleaved with the per- 
manent staff might ease the pangs with- 
out violating the no-layoff policy. 
PIONEERING EFFORT. With its vast re- 
sources, HP can afford to hand-tool an in- 
ternal temp force to precise needs. “It is 
one of the programs that is particularly 
interesting,” notes Helen Axel, an econo- 
mist at the Conference Board. “It is a pos- 
itive approach that is testing the waters.” 
But most other high-tech firms have to 
depend on agencies to supply them, creat- 
ing opportunities these temp outfits are 
eager to meet. The action is spirited both 
in specialized technical agencies that are 
proliferating throughout the country and 
in general-purpose temp companies that 
are adding high-tech workers to their em- 
ployee rosters. 

With the added interest has come a 
change in attitude, says Michael Iandoli, 
executive vice president of Technical Aid 
Corp. of Newton Upper Falls, Mass. 
“Temporary technical talent commands 
more respect today than 10 years ago,” 
he says. His company, located adjacent to 
Boston’s Route 128 electronics and com- 
puter hotbed, is 20 years old this year, 
and Iandoli can’t think of a major compa- 
ny in the region that hasn’t used its talent 
bank. The payroll averages about 9,000 
persons per week, he says, from office lo- 
cations throughout the U.S. in three ma- 
jor areas: design engineers and drafts- 
men; software personnel for business ap- 
plications; and software designers and 
programmers for scientific tasks. 

Most executives say that in the minds 
of their clients, the watershed for tempo- 
raries came during the major recession in 
1981-82. ‘“‘That was the jump-off point,” 
says Phil Bratspis, president of United 
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THE SALARY IS ONLY THE BEGINNING 


Base Salary 
Mandatory Payroll Taxes 
Time Not. Worked 


(vacation, holidays, sick days, paid breaks from work) 


Hiring and Administrative Costs 


(training, bookkeeping, miscellaneous clerical work) 


Company Benefits 
(pension, profit sharing, insurance, miscellaneous benefits) 


TOTAL COST 





Temporary Personnel Services in Brea, 
Calif. “Before that, companies primarily 
wanted work-overload and vacation re- 
lief—we were a necessary evil.”’ But the 
concept of flexible staffing, allowing 
companies to hold their direct work force 
to a minimum, then became so attractive 
that ‘overnight it changed.” 

Also contributing was the word- and 
data-processing revolution brought on by 
the personal computer, which “parallels 
the growth of temporary companies,” he 
says. “Most companies buying the equip- 
ment couldn’t run it, and this forced them 
to come to the temporary-help industry, 
which had people who could.” 

A new twist in the technology field 
that’s giving strong signs of taking off 
for United involves managing entire pro- 
duction plants for clients on a turnkey ba- 
sis. The firm now has a half dozen such 
facilities-management projects, com- 
pared with none a year ago, says Brat- 
spis. This approach allows the phased use 
of temporaries as what amounts to “‘just- 
in-time”’ personnel. Expect to hear more 
of JIT temps, says Bratspis, because the 
concept dovetails so smoothly with what 
may be the hottest idea for increased pro- 
ductivity now being pursued in the U.S. 
DESIGNERS. The bulk of agency person- 
nel, however, is employed not for JIT rea- 
sons but for design projects, says Jerry 
Kapalko, senior vice president of temp 
supplier Olsten Corp. of Westbury, N. Y. 
“There was a tremendous expansion in 
this market when companies realized the 
design side of their business was cyclic, 
and stopped hiring full-time employees to 
do what amounted to a part-time job.”’ 
Even the hefty premiums that clients 
must pay for a highly skilled temp de- 
signer—which could amount to as much 
as 50% more than a typical salary—is no 
hindrance: ‘They know the work will go 
away in a few weeks or months.” 

If hiring design specialists on a project 
basis works well for a growing list of 
firms, then it makes sense for many to take 
a further step into turnkey product devel- 
opment by third-party houses. The emer- 
gence of Tidewater Associates Inc. during 
the past several years has shown what 
these houses have to offer. Founded in 
1984, the Union City, Calif., firm has built 





$320.20 
SOURCE: UNIFORCE 


design expertise in some of the hottest 
product categories, along with an enviable 
client list. It offers one-stop development, 
from concept to pilot manufacturing, or 
handles any part of that process. 

A successful series of assignments 

helped overcome ingrained industry re- 
sistance about letting key research and 
development move outside direct control, 
says founder and chief executive Bernard 
Daines. Besides delivering the goods with 
the promised performance, he says, Tide- 
water does it on a stepped-up schedule 
that clients couldn’t hope to match inter- 
nally. ‘“‘We have a different mentality, 
geared to a faster pace,” he says. Unlike 
contract engineers from temp firms, 
Tidewater does all the work at its own 
site with the help of the newest computer- 
aided design gear and a design team “at 
the cutting edge, which would be prohibi- 
tively expensive for most organizations,” 
Daines says. 
ASIC SPECIALISTS. It is not coincidental 
that Tidewater’s core technology is in appli- 
cation-specific integrated circuits, which 
support most new products. All companies 
are aware of the value of ASIC advances, 
Daines says, “but haven’t bitten that bullet 
yet” in terms of in-house expertise. That’s 
where Tidewater steps in. 

Among the jobs that have propelled 
Tidewater’s revenue to more than $8 mil- 
lion currently was the development of 
complex printed-circuit boards for a Pa- 
cific Bell trial communications system at 
an unheard-of one-a-week pace for some 
35 weeks. When Bell & Howell Co. asked 
Tidewater to streamline the design for an 
optical-disk-based system to be used as 
an on-line graphics data base, the firm re- 
sponded posthaste. Within five months, it 
created system architecture, designed 
hardware and software, and packaged 
the product for beta testing. Since speed 
in getting a product to market is preemi- 
nent among managers’ concerns, says 
Daines, Tidewater’s turnaround time jus- 
tifies its stiff fees, which can reach six 
figures. “‘A substantial share of Tidewat- 
er’s business stems from repeat clients 
and referrals,” he says. 


Additional reporting by Lawrence Cur- 
ran and Jack Shandle 
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FOR LCDs 





BY 
SAMUEL 
WEBER 





LCDs are finding their way into a new generation of small-screen TVs for both the consumer and nonconsumer markets, 
including this one set into an airline seat. The technology ts also being primed for the large-screen HDTV arena. 


ment and control of equipment, as well as 
by the use of redundancy in their designs. 

As their name implies, LCs are materials 
with an orderly molecular structure but 
which have the properties of a liquid. The 
most common LC material in use today is 
the so-called nematic, in which the mole- 
cules are all oriented in the same direction. 
A recently developed variation is twisted 
nematic (TN), in which the LC molecules 
form a twisted helix. 

A display is formed by sandwiching the 
nematic material between two glass 
plates. Without an applied voltage, the 
molecules remain twisted. Light entering 
the upper polarizing plate becomes ori- 
ented in one direction and passes through 
the twisted LC material, which rotates 
the polarization by 90°. The light’s orien- 
tation now matches that of the rear polar- 
izing plate and passes through, yielding a 
bright display. 

With a voltage applied, the LC mole- 
cules line up in the same direction perpen- 
dicular to the polarized light. This blocks 
the light, yielding a dark display. To im- 
plement a graphic or alphanumeric dis- 
play in its simplest form, an array of row- 
select electrodes is formed on one piece of 
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glass and an array of column-data elec- 
trodes is formed on a second piece. Volt- 
age applied to these causes the liquid 
crystal to act as a shutter, either trans- 
mitting or blocking light. 

The earliest TN liquid-crystal displays 
suffered from poor contrast and narrow 
viewing angle, and they degraded at ele- 
vated temperatures. Continued improve- 
ments in recent years have overcome 
most of these problems. A further ad- 
vance was the development of the su- 
pertwist (STN) display: with the addition 
of another LC polarizer plate, it yields im- 
proved contrast and viewing angle. But 
such displays had a characteristic blue 
tinge that users didn’t like. To overcome 
this, the double supertwist (DSTN) LCD 
was developed. In the DSTN approach, 
an extra color-compensating LC glass 
substrate is added, resulting in an almost 
pure black and white display with double 
the contrast of the STN and a better view- 
ing angle. Most black and white LCD pan- 
els today use the DSTN technology. 

One way to improve the quality of 
DSTN black and white displays is to in- 
crease the twist angle of LC molecules. 
This creates a steeper distortion vs. volt- 


age curve, resulting in a sharper transi- 
tion threshold from off to on. When rapid- 
ly multiplexed, the result is a high-con- 
trast, wide-viewing-angle display. Most 
STN displays have an angle of 180° or 
more. Recently, LCDs with twists of 270°, 
such as the Hypertwist from Tektronix 
Inc. of Beaverton, Ore., have been intro- 
duced for even higher contrast and great- 
er viewing angle. 

But DSTN produces greater light-trans- 
mission losses than the STN process, so it 
needs an intense backlighting source—a 
requirement that results in increased pow- 
er consumption, thickness, and weight. Re- 
cently, Japan’s Hitachi Ltd. and Toshiba 
Corp. introduced DSTN displays that re- 
place the extra layer of LCD glass with a 
thin polymer film. Both companies claim 
substantial reductions in weight, thickness, 
and power consumption. 

Because of the limitations of the STN 
and DSTN approaches, LCD developers 
are today embracing active-matrix tech- 
nology-to get the response time and reso- 
lution required of a high-quality color dis- 
play. Here, a nonlinear element such as a 
diode or transistor is placed in series with 
each LC element, with a resultant in- 
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Now acheap off-the-shelf 
SSR that puts you in control. It lets 
you control the cost 
and the system’s function in 
military applications. 





Here’s what you get. 

¢ Short Circuit Protection 

¢ Status Indication 

¢ Current Overload Protection 

¢ Optical Isolation 

¢ TTL & CMOS Compatible Control 
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of MIL-R-28750. 
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Review the electrical characteristics and call us for immediate application assistance.* 


All power FET relays may drive 





loads connected to either 
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Bias Voltage (Vpjas) power supply lines (Source or 
Bias Current (Ip;as) sink modes). 
Control Voltage (Vj) V R 
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> mane Ol 
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Notes: 1. Series resistor is required for bias voltages above 6Vpc. RS = (Vpias— 6 Vpc)/15 MA 
2. A pull up resistor is required for the status output. Rstatus = (Vstatus — 0-3)/Istatus 


¥ 
3. Output will drive loads connected to either terminal (sink or source). a 
4. Status circuit is a built-in test feature checking the input circuitry of the relay. Status output is low (on) TELEDYNE SOLID STATE 
when the input is on. A Division of Teledyne Relays 
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*For immediate application assistance call 1-800-284-7007. 


Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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Electronic Instrument Cluster 
Mixed signal system-on-a-chip 


replaces traditional 2-to-3 chip discrete Light Controller Chip 
implementations. Includes a 6SHCOS Single chip solution includes all the 
Microprocessor core, plus Memory, digital, analog and memory functions to 
analog functions and digital glue logic. control headlights, parking and log 
Design Turn: 26 weeks. lights. Provides exit delay umer and 


allows manual control of exterior lights 
from driver door. 
Design larn: 14 weeks. 





Keyless Entry 
Chip contains EEPROM supercell that 
provides direct write capability for 
flexible security code generation. Len 
vears data retention and 10,000 read/ 
write cycles for harsh automotive environ- 
ment. Can be configured for dual or 
single supply programming. 

Design Turn: 14 weeks. 


©1989 NCR Corporation. Design Advisor, Design Synthesis and DesignSim A&D are trademarks of NCR Corporation. 
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For the end user, object-oriented programming 
results in an easy-to-use interface laced with win- 
dows, icons, and pull-down menus. From top, the 
Next interface (the Shakespeare icon calls up 
the complete works), Hewlett-Packard’s New- 
Wave, and Metaphor’s Data Interpretation Sys- 
tem. Programming in these environments is a 
matter of simply manipulating objects. 


mous structure, often referred to as an object. This 
concept is called encapsulation. “A system that em- 
bodies the concept of data structures and methods 
being stored together has an object model,” says 
Liddle. Another important concept is reusability. 
Because objects are self-contained, they can serve 
as standard software modules to be used over and 
over in a variety of programs. 

Finally, “to be truly object-oriented, a system 
must also embrace the notion of classes and inher- 
itance,”’ says Liddle. Objects are placed in an in- 
heritance hierarchy and new objects can be creat- 
ed simply by defining how they differ from their 
parents. New objects inherit the characteristics 
(data structure and procedures) of all preceding 
objects in the hierarchy. 

A STRETCH. In some systems, multiple inheritance 

allows subclasses to inherit characteristics from 

more than one branch of the hierarchy. Object 

generation becomes simpler and simpler as the hi- 

cane — erarchy grows. This concept is often called exten- 

Calendar) Gage sibility. One of the big advantages of object orien- 

: tation is that the more subclasses that exist, the 

more code can be reused. A disadvantage is that 

as subclasses are added, programs get bigger and 
lots of memory is required. 

These ideas spring from ‘‘three independent 
and separate evolutions of object-oriented tech- 
nology,” says Daniel Wood, manager of software- 
product planning at BiiN in Hillsboro, Ore. First, 
he says, is the graphics world, with its windowing 
and iconic interfaces, such as those used in Apple 
Computer Inc.’s Macintosh and in such software 
as X Windows and Microsoft Windows. Second is 
conventional programming, where in the face of 
the inadequacies of structured programming de- 
signers have hit upon an object-oriented concept, 
defining subunit building blocks for creating com- 
plex systems. In Ada, for example, the definition 
of objects is not all that different from the object 
definition in the graphics-object world. 

Third is the world of computer-system architec- 
ture exemplified by BiiN, Next, and the IBM AS/ 
400. Object-oriented technology offers a new way to 
think about computing—a human-centered way. Its 
critical theme is based on the observation that the 
thing's (objects) that we wish to model in computing 
change much less rapidly than the ways we wish to 
use them. Object-oriented technology offers a way 
to describe the content and behavior of application 
entities (objects) in an efficient, controlled, and man- 
ageable way. Once objects are defined, they can be 
freely used without worrying that their behavior 
will change as the behavior of other objects 
changes. For example, a change in the detailed be- 
havior of an account will not cause changes in the 
definition of a ledger. 

Objects can be constructed that are different 
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The Designer's Guide to 
Add-In Memory 
The Third Edition of the Designer's Guide is 


still "perfect for someone who understands 
the basics but needs essential information to 
make decisions."* An authoritative reference 
on a broad range of memory issues, this 
objective text covers purely technical issues 
as well as management-oriented concerns. 


The expanded 80-page third edition 
includes important new information on 
memory issues: 


@ the confrontation between NuBus, Micro 
Channel and EISA m why the 386 
machines excel m the risks of RISC m the 
impact of parallel processing m the next 
generation of memory technology, FRAMs 
w the latest about VME and Multibus II 


Get thorough updates on major new systems, 
considered from the memory perspective: 


mw the VAX 6200 @ the Compag Deskpro 
386 m the Macintosh IIx m the Apollo 
DN 4000 m the Sun 4/110 and 386i 


*Christopher Kreager, Systems Specialist, 
UNITED DATA SYSTEMS 














esktop-to-desktop con- 
nectivity isn’t just a pipe 
dream anymore. Partner- 
ships and acquisitions 
among local-area and 
wide-area networking 
companies are putting 
real muscle behind the 
long-heard call for stan- 
dards-based, multivendor 
networking. Simply put, companies small- 
er than Digital Equipment Corp. and IBM 
Corp. just can’t go it alone in the wide, 
wide world of global connectivity. “We all 
have the same strategic plan: to offer 
complete networking solutions for our 
customers,” says Pradman Kaul, presi- 
dent of Hughes Network Systems in Ger- 
mantown, Md., one of the world’s premier 
WAN companies. 

A number of firms, including Hughes, 
are teaming up to fill gaps in their corpo- 
rate offerings. Each deal is unique, but 
most share three themes. First, TCP/ 
IP—the Transmission Control Protocol/ 
Internet Protocol—is the de facto intero- 
perability standard. Anybody without 
TCP/IP capability across the board had 
better get it. Second, network manage- 
ment is the Achilles heel of connectivity. 
Building in a coherent, powerful, and effi- 
cient set of network-management func- 
tions requires top-to-bottom cooperation 
between LAN and WAN vendors. Third, 
global networks need global sales and 
service support. 
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In a recent announcement, Hughes re- 
vealed plans to acquire Sytek Inc. of 
Mountain View, Calif., a leader in large 
broadband LAN installations. The acqui- 
sition follows on the heels of Hewlett- 
Packard Co.’s teaming with LAN-vendor 
3Com Corp. of Santa Clara, Calif., in a 
sales and marketing partnership. HP 
runs one of the largest in-house WANs 
and is aggressively marketing its WAN 
expertise and products. 

Not to be outdone by rival 8Com, the 
Provo, Utah-based Novell Inc. on March 
23 announced a merger with Excelan Inc., 
a LAN protocol specialist based in San 
Jose, Calif. Earlier in the year, Excelan 
forged a marketing partnership with 
mainframe-to-mainframe networking 
wizard Network Systems Corp. of Minne- 
apolis, which itself has just unveiled an- 
other marketing agreement, this one with 
Wellfleet, a WAN vendor based in Bed- 
ford, Mass. 

Although networking companies are uni- 





BY JACK SHANDLE 


A rash of new 
partnerships in 
LANs and WANs 
is raising 
hopes that true 
if standards-based 
|} — multivendor 
networking 
may be on 
the way. The big 
winner is the 
customer 








versally committed to supporting stan- 


dards, the partnership trend makes it clear 
that true standards-based, multivendor 
connectivity is still in the future. Increas- 
ingly, corporate customers have migrated 
to private WANs to connect their LANs, 
says Mike Sprayberry, director of integrat- 
ed network solutions for CAP Internation- 
al, the Norwell, Mass., analysts. But LANs 
“grew out of the backplane of personal 
computers and work stations,” he says, 
while WANs were conceived as data 
bridges between mainframes. This makes 
interconnecting LANs over a WAN tough. 
“In one instance, we found a company 
that had 13 different network-manage- 
ment systems to deal with when it started 
to internetwork its LANs,” says Bill Way, 
Network Systems’ product-line manager. 
The solution being sold by the bevy of 
new partnerships is essentially one-stop 
shopping at a multivendor store, with ser- 
vice contracts and guarantees that every- 
thing will play together. “In these strate- 
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three different forms. There are large 
blocks, such as the microprocessor cores 
found in a foundry’s ASIC library; com- 
piled cells, such as random-access and 
read-only memories, and programmable 
logic arrays; and semicustom blocks con- 
taining logic the designer has created 
with standard cells. 

For the large microprocessor-type li- 
brary cells, VLSI Technology provides a 
comprehensive set of test vectors for 95% 
fault coverage. The silicon compiler that 
produces a ROM, RAM, or PLA produces 
all the test vectors needed to provide this 
same level of fault coverage for those 
blocks. Lewis says that if a designer 
builds an ASIC with just these two types 
of big blocks, Test Assistant’s wiring and 
testing procedure will be fully automatic 
and fault coverage of 95% or higher will 
be assured. However, for a semicustom 
block made up of standard cells, the de- 
signer does have to perform some test- 
program development. 

To use the tool, the designer first gives 
the Test Assistant the netlist of the ASIC 
for which a test program is to be devel- 
oped. From a block-level representation 
of the design, he selects the first block to 
be isolated, and the tool shows how it will 
route the block’s I/O pins to the ASIC. 

In the isolation phase, the tool installs 

multiplexers at the block’s I/O pins to 
switch them out of the normal signal-flow 
path and route them to the ASIC’s I/O 
pads. A rule that the tool adheres to is not 
to insert more than one level of multiplex- 
er between the block’s I/O pin and its in- 
ternal circuit. This ensures that the test 
circuits do not affect the timing in the 
ASIC’s critical paths. 
INTERACTION. At any point in the tool’s 
operation, the designer can interact with 
Test Assistant to change the implementa- 
tion manually. For example, the operator 
can direct the tool not to multiplex certain 
ASIC I/O pads that lie in a critical path. If 
this restriction means there will not be 
enough I/O pads to access the I/O pins of 
internal blocks, Test Assistant can 
change any pad specified as output-only 
into a bidirectional pad to attain the addi- 
tional number required. 

If the designer accepts the tool’s pro- 
posed isolation and signal routing, Test 
Assistant automatically changes the net- 
list to incorporate the test circuits. 

Thereafter the process is repeated with 
all the other blocks. Besides isolating and 
wiring, the tool also creates the control 
circuit needed to configure the ASIC in 
test mode and to switch each individual 
block to the I/O pads for testing. It adds 
this circuit into free space on the ASIC 
and routes the test-signal wiring between 
the control unit and each block. 

To activate the test circuit, the design- 
er can specify a vector that, when applied 
to the ASIC’s I/O pads, switches the test 
circuit on. Using a vector eliminates the 
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In testing a hypothetical “megochip,” the tool can add a built-in self-test (BIST) block upon 
the designer’s command; to do so, the user simply fills out a three-line menu. 


need to use an I/O pad to switch the test 
circuit on and off. With the test circuit 
turned on, each block can be individually 
switched. At the I/O pads, a component 
test system can send stimulus into and 
measure responses from the block. 

To create test programs for a semicus- 
tom block, the designer typically pro- 
duces test vectors using simulation vec- 
tors developed in the design phase along 
with vectors written later to increase 
fault coverage. He also performs a fault 
simulation to determine if the desired 
fault coverage has been achieved. Once 
the test program is developed, Test Assis- 
tant isolates and reroutes the semicustom 
block’s I/O pins to the ASIC in the same 
way it handled the other blocks. 

One important function of Test Assis- 
tant is its built-in self-test (BIST) capabili- 
ty. The designer can direct the tool to add 
a linear feedback shift register to the in- 
put and output of a compiled block. At the 
input, the circuit serves as an autono- 
mous pseudo-random pattern generator, 
while at the output, it acts as a signature 
analyzer. This is particularly attractive 
for highly regular compiled RAM and 
ROM blocks. 

“Built-in self-test puts a tester on the 
chip,” Hutcheson says. “It facilitates the 
device tester’s job during production, 
thus cutting test time.” It also facilitates 
field service, he says, “since the service 
technician has instruments on-chip to 
help diagnose a field failure.” 

In the compiled RAM or ROM block, the 
compiler can add the signal generator 
and signature analyzer so that the result- 


ing BIST produces a 1-bit pass or fail indi- 
cation to one of the ASIC’s output pins. 
Alternatively, the designer can route the 
block’s output pins to the ASIC’s I/O pins 
for analysis by the device tester. 

Self-test can also be used on a semicus- 
tom block. Here, the designer adds the 
signal generator and then simulates the 
operation of the circuit with the pattern 
generator installed to determine if all the 
nodes in the design are being tested and 
if the pattern actually catches each possi- 
ble fault node. 

Because the generator produces the 
same sequence of random patterns each 
time it runs, using the linear feedback 
shift register, the designer can create a 
circuit that performs an X-NOR logic op- 
eration on the responses received from 
the block. The result is a signature that 
indicates the block is good or bad. The en- 
tire signature can be sent to the ASIC I/0 
pads for verification. 

In the future, the Test Assistant will be 
able to add level-sensitive scan design to 
blocks within a chip as an alternative to 


‘isolation, VLSI Technology says. Instead 


of bringing signals to the ASIC I/O pads, 
it will serially shift test vectors to hidden 
nodes within the ASIC, stimulate the 
hard-to-access circuit behind the hidden 
node, and serially shift the results back to 
the ASIC I/O pads. 

With this powerful tool to drastically 
cut the time needed to write an exhaus- 
tive test program, designers can get back 
to spending most of their time designing 
chips rather than worrying about how to 
test them. O 
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TROUBLE IS BREWING 
OVER CFCs IN CALIFORNIA 
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o John Masterman, it 

seems only natural that 

the state of California 

emerge aS a proving 
ground for legislative efforts to curtail 
the use of ozone-destroying chlorofluo- 
rocarbons. ‘California continues to be 
the birthplace of [environmental] 
laws,’ observes Masterman, 
chairman of the American 
Electronics Association’s Cal- 
ifornia Environmental-Occu- 
pational Hazards (EOH) Leg- 
islative Committee. 

Any laws enacted by Cali- 
fornia concerning CFC use 
are likely to have a tremen- 
dous impact on the U.S. elec- 
tronics industry, which uses 
CFCs in the manufacture of a 
wide range of products [Elec- 
tronics, April 1989, p. 92]. 
The California state senate is 
pondering a proposal to rein 
in CFC use even more severe- 
ly than has been called for by 
international guidelines. The 
proposal pretty well reflects 
the regulatory mood in the 
Golden State and perhaps of- 
fers electronics manufactur- 
ers everywhere a picture of the diffi 
culties and bureaucratic confusion that 
the future holds for them. 

The action in California also illus- 
trates the problems that a trade orga- 
nization like the AEA faces when it 
gets a late start in its lobbying efforts. 
Masterman concedes that the AFA is 
getting into the environmental hazards 
game on the state level relatively late. 
Although the AFA tracks environmen- 
tal affairs from its Washington head- 


quarters, the scene in California is a 


hyperactive arena in which the big or- 
ganization has not played a part for 
nearly five years. 

The AEA is alarmed by the Califor- 
nia CFC initiative. If the measure 
passes in its present form, California’s 
Air Resources Board essentially would 
gain the power to manage every appli- 
cation for which CFCs could be used. It 
could determine whether substitutes 
exist and then mandate their use. The 
degree of control and the opportunity 
for error appall Masterman. “It’s a bad 
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law that could be a disaster,” he says. 
Masterman’s committee is now 
working to avert that disaster. It has 
already had an impact on getting some 
proposed environmental bills apart 
from the CFC arena changed before 
they became state law. One of these 
would have banned any use of arsine 








and phosphine gases—both widely em- 
ployed in electronics manufacturmg— 
within 25 miles of any residence. In its 
original form, the proposal “would 
have wiped out the electronics indus- 
try,” Masterman asserts. Partly 
through the AEA’s efforts, the propos- 
al was changed to bar only the manu- 
facture of arsine and phosphine gases, 
not their use. 

In Masterman’s view, the proposed 
Toxic Gas Model Ordinance for Santa 
Clara County (Silicon Valley) is a model 
for how environmental legislation 
should be approached. The proposal, 
the product of three major groups that 
sat down and hammered out an ap- 
proach acceptable to all, offers a meth- 
od of assessing the hazard of every 
toxic gas and providing safeguards for 
each of them. 

Meanwhile, the AEA last November 
launched a big effort to get what it 
deems both a balanced outlook and sol- 


by Larry Waller 


id technical data to legislators on a con- 
tinuous basis. Masterman, who is direc- 
tor of health, safety, and environmen- 
tal affairs for Intel Corp. in Folsom, 
Calif., notes that the AEA’s move into 
the EOH game from an inactive status 
requires diplomacy and a deliberate 
pace, due to the emotionally charged 
nature of the subject. 

The AEA legislative committee, with 
some 20 companies currently taking 
part, meets monthly at different loca- 
tions throughout the state. Plans are 
afoot to raise funds for a full-time lob- 
byist in the state capital at Sacramento 
to monitor legislative doings. 

Masterman’s committee is likely to 
have a wider role in the CFC 
battle than individual AEA 
member companies in Cali- 
fornia. Since they lack any 
other central clearinghouse 
or sounding board for their 
environmental interests, 
companies by themselves are 
hard put to deal with escalat- 
ing regulatory and reporting 
requirements from all levels 
of government. 

Their greatest headache 
lies in the staggering number 
of requirements—many of 
them overlapping—to be met 
and the range of official bod- 
ies overseeing them. A com- 
pany typically has to deal 
with about 10 entities, from 
the federal Environmental 
Protection Agency through 
state and regional regulatory 
groups, right on down to local fire and 
safety departments and sewer and wa- 
ter districts. 

Companies say their chief need is 
getting up-to-date information about 
new requirements and how to handle 
them. ‘‘There is no magic wand to 
bring you into easy compliance with 
these ever-shifting regulations,” says 
Edwin K. Isely, manager of the Los 
Angeles office of A. T. Kearney Inc., 
management consultants with an ex- 
tensive environmental consulting prac- 
tice. Instead, companies have to seek 
these answers for themselves. 

Isely and Masterman both advise ex- 
ecutives in California to get involved 
with state and local organizations that 
are up to speed on environmental is- 
sues, particularly the California Manu- 
facturing Association and chambers of 
commerce. “Stay in touch with your lo- 
cal organizations,’ says Masterman. 
“You can’t monitor [the issues] by 
yourself. It’s a noble goal, but no one 
can afford it.” O 
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A JAPANESE GAMBLE PAYS OFF 
FOR TEST-GEAR VENDOR TERADYNE 


The firm regains its Far East foothold with a next-generation memory tester 







AGOURA HILLS, CALIF. 
hree years ago, Teradyne 
Inc. took its biggest gamble. 

Not only did the company de- 
cide to sell a next-generation 
megabit-memory tester into a 
depressed chip-equipment busi- 
ness, tough enough by itself, 
but it took on a task that was even more 
daunting—regaining the foothold in Ja- 
pan it had lost to stiff competition. 

Teradyne’s testers are big-ticket items 
that can carry price tags in the neighbor- 
hood of $700,000. And because gestation 
and sales times are long, it may take 
years before the company knows how its 
product is playing in the marketplace. 

Now it appears that the Teradyne gam- 
ble has paid off. Orders have come in for 
more than 150 of the new J937 Memory 
Test Systems, and the smiles at the Semi- 
conductor Test Division in Agoura Hills 
and at corporate headquarters in Boston 
are getting wider. Six big Japanese chip 
makers, whose size and reach set the 
worldwide standards for dynamic ran- 
dom-access memories, have already tak- 
en delivery of 34 units. Leading Korean 
suppliers with big testing needs have also 
ordered the systems. 

The main reason for the momentum in 
Japan is the same simple one that under- 
pins all high-tech success stories, says 
James A. Prestridge, who runs Tera- 
dyne’s Components Test Group: “The ma- 
chine is more advanced than what [pro- 
spective customers] can get in their local 
markets.” Proving a memory tester with 
top Japanese firms gives the product an 
extra boost elsewhere, too, says Pres- 
tridge, because the market in Japan is a 
particularly competitive one. 

Alex d’Arbeloff, Teradyne’s president 
and chief executive, holds a similar view. 
‘““My personal opinion was that we’d be 
successful in Japan, because we could of- 
fer higher performance with better tech- 
nology,” he says. Unlike other sales arms 
that come under division heads, the oper- 
ation there reports directly to d’Arbeloff, 
“because Japan is so important in the 
semiconductor industry.” 

Among those admiring Teradyne’s Jap- 
anese feat is VLSI Research Inc.’s G. Dan 
Hutcheson, who follows the worldwide 
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tester business. “It was an in- 
telligent decision,” he says. 
“Teradyne had significant tech- 
n nology advantages, and they 
really went after the market by 
designing a machine for it.’’ 
Along the way, “they clobbered 

the U.S. competition, too.” 
Teradyne in fact intended the J987 to 
leave competitors in the dust by pushing 
tester speed up to a 100-MHz clock and 
address rate, with accuracies of less than 
1 ns. Competing units cannot approach 









Teradyne’s J937 Memory Test System has gained ground for the company in Japan. Six big 





these specifications [Hlectronics, March 
31, 1986, p. 45]. Megabit versions of 
DRAMs need this kind of performance. 
Teradyne’s strategy was first to sign 
up U.S. heavyweights IBM Corp. and 
AT&T Co., then build on the strength of 
those relationships. Its timing also 
proved fortuitous because of the 1986 up- 
swing in memory demand, just at the 
time first installations were taking place. 
As a result, demand for testers took off 
faster than even Teradyne expected. 
Also, Prestridge points out that the six- 


chip makers there have taken delivery of 34 units, which are used for testing dynamic RAMs. 
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AT&T'S KOELTL SAVORS THE CHALLENGE 





OF TAKING ON MERCHANT CHIP GIANTS 


His strategy is based on partnerships with customers, alliances with rivals 


BERKELEY HEIGHTS, N. J. 
A: a young engineer fresh 
out of New York’s Manhat- 
tan College and looking for ad- 
venture, Dick Koeltl had an im- 
portant decision to make: would 
he specialize in locomotives or 
semiconductors? 

Semiconductors—the technology was 
called “‘solid-state’’ back in 1964—won the 
battle. Koeltl’s 25-year odyssey through 
power integrated circuits, analog-to-digi- 
tal converters, telecommunications chips, 
and linear ICs in companies as legendary 
in the chip business as Advanced Micro 
Devices, General Electric, Fairchild, and 
Raytheon was a near-perfect training 
ground for his new job as AT&T Micro- 
electronics’ marketing czar. 

“There is all this technological capability 
here, and for a marketeer, that has to be an 
exciting prospect,’ Koeltl says. ‘Despite 
its technology, up until now 
AT&T Co. has not been known 
for strong marketing.” 

From a modern, spacious of- 
fice overlooking the rolling 
green hills of rural central New 
Jersey in Berkeley Heights, 
Koeltl is not that far removed 
geographically from his cadet 
days in General Electric Co.’s 
engineer-in-training program in 
Schenectady, N. Y. ‘‘When I 
came on with GE,”’ he says, 
“they had five separate busi- 
nesses—everything from loco- 
motives to semiconductors. 
When I got to the semiconduc- 
tor division, the people all 
around me were in their 20s. It 
was obviously a dynamic, grow- 
ing business.” 

Infusing more dynamism and 
growth into AT&T Microelec- 
tronics has been at the top of 
Koeltl’s docket since he arrived 
six months ago to become mar- 
keting vice president, fresh 
from a similar job at GE Inter- 
sil. AT&T Microelectronics sells 
25% of its ICs in external sales; 
the rest go to AT&T’s various 
systems divisions. 
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than $1 billion in external sales 
by 1992, and that means over 
50% of its business will be in the 
merchant market, says Koeltl. 
If it happens, AT&T Microelec- 
tronics would be playing in the 
major leagues with the likes of 
Fujitsu, Intel, National, NEC, 
and Texas Instruments. 

The strategy is to get AT&T Microelec- 
tronics out of the marketing closet by be- 
coming partners—with customers, and 
via strategic marketing alliances with 
competitors. Such partnerships with sys- 
tem-house customers aren’t new. Compa- 
nies like IBM Corp. and Intel Corp. have 
been pretty successful at it, with Intel 
producing microprocessors for IBM’s per- 
sonal computers and Personal System/2. 

“We're looking at specific markets for 
equipment segments that fit well with 
our technologies,” say Koeltl. AT&T is 


Dick Koeltl’s goal is to continue to double AT&T Microelectronics’ 
AT&T’s aim is to do more sales inthe merchant market, now at $200 million, each year. 





“well into” talks with “two or three” ma- 
jor system houses and will be unfurling 
the agreements as early as the next six to 
twelve months. Although Koeltl is coy 
about naming the prospective corporate 
brides-to-be, he describes them as being 
in the data-processing, telecommunica- 
tions, and military markets. ‘“We’re look- 
ing for major potential markets where we 
can codevelop technology,” he says. One 
recent example: high-definition TV and 
Zenith Electronics Corp. 

On the competitors’ side, AT&T Micro- 
electronics has already teamed up with 
Intel to exchange technology in areas 
where product lines are complementary. 
The agreement is complex, but it boils 
down to Intel contributing local-area-net- 
working chips and AT&T pitching in its 
expertise in integrated services digital 
network chips. 

Another prime growth area for AT&T 
is in better utilization of its sili- 
con foundry capacity. AT&T 
and Logic Devices Inc. have 
signed a foundry agreement 
committing Logic Devices to 
purchase up to $75 million 
worth of finished silicon wafers 
over the next three years. 

Aggressively second-sourc- 
ing standard parts is also in the 
cards, “and you'll see results in 
that arena over the next few 
months,” says Koeltl. ““We’ve 
got plenty of opportunities to 
fill out our standard-parts of- 
fering.’ Lastly, price reduc- 
tions—once seldom heard 
words in Berkeley Heights— 
will liven up the company’s mar- 
keting blitz. AT&T has already 
slashed the price of its high-per- 
formance digital signal proces- 
sor, the DSP82, by almost 50% 
thanks to a new plastic-pack- 
aged version. 

Obviously enjoying the pros- 
pect of butting heads with the 
giant merchant chip makers on 
three continents, Koeltl talks 
with exuberance. His selection 
as head of marketing was atypi- 
eal for AT&T, which usually 
promotes from within. “‘To do 
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big optics and electronics producer, as a 
case in point. Of course, government 
planning will remain a bedrock element 
of East Germany’s economic policy. But 
the bureaucratic strings are being loos- 
ened, giving the combines more leeway to 
run largely on their own and strive for 
what East German officials call financial 
gains—‘‘profits” is still too capitalistic a 
word for most officials. 

In some ways, the efforts of Apitz and 
like-minded colleagues resemble a form 
of East German economic perestroika— 
although that term was seldom heard 
from industry officials at this spring’s 
Leipzig Fair, where VEB Kombinat Nach- 
richtenelektronik displayed its wares. 
Kast Germans prefer to describe the 
changes as wirtschaftliche Rechnungs- 
fihrung, which, roughly translated, 
means an economic accounting of bal- 
ances. Among other things, this concept 
permits a combine to invest part of its fi- 
nancial gains in its own operations. 
GLOBAL NEEDS. Apitz doesn’t think the 
combine’s heavy exports to countries in 
Eastern Europe and the Third World, 
which are less demanding technological- 
ly, will keep it from making high-quality 
products that satisfy global needs. “The 
existing concept [for exports] calls for co- 
operation on a Comecon-wide scale,” 
Apitz says. (Comecon—the Council for 
Mutual Economic Assistance—is Eastern 









Jurgen Apitz is determined to market his 
combine’s telecom technology in the West. 


Europe’s equivalent of Western Europe’s 
Common Market.) 

“But we want to increase sales in 
Western countries, so we must Increase 
capacity and develop a technological base 
to meet global requirements.” In the face 
of international competition, Apitz adds, 
“we are forced to stay on a par with other 
industrialized countries to advance our 
society, help meet the needs of our home 
market, and maintain a high export rate.” 

Apitz is counting on a series of cooper- 
ative efforts to help boost his combine’s 
status in the West. The combine has 
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struck a deal with Intracom in Greece in- 
volving exchange and transmission 
equipment. A similar deal is being dis- 
cussed with Telindus, a Belgian commu- 
nications equipment maker. And prelimi- 
nary talks concerning joint projects in 
other countries have been held with Sie- 
mens AG of Munich. 

Apitz is the prototypical production 
man—amiable but forceful and quick of 
mind. He was trained as a tool and die 
maker, studied general engineering at 
the Technical University in Karl-Marx- 
Stadt, and then worked as a technologist 
in the plastics industry. Ten years ago he 
moved into electronics and worked for 
most of the time as production manager 
in an instruments factory before being 
put in charge of VEB Kombinat Nach- 
richtenelektronik. 

The technological challenge Apitz 
faces is to move his combine from the an- 
alog to the digital era and into the age of 
integrated services digital networks. One 
of the first results of this effort is the 
NZ400D, a private-branch exchange for 
speech, data, and text that features ISDN 
characteristics. The combine displayed 
the product at the Leipzig Fair. If Apitz 
successfully administers the transition to 
ISDN and turns his organization into an 
efficient and profitable unit, he will in- 
deed be a true revolutionary in East Ger- 
man electronics. -—John Gosch 
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WESTBORO, MASS. 
he title is a new one for Data General 
Corp.—executive vice president and 

chief operating officer. And it’s a new one 
for the man who carries it, Ronald L. 
Skates. Though he has worked for the big 
computer maker for less than three 
years, he is already settling into his role 
as the right-hand man to the founder, Ed- 
son de Castro. Most other senior manag- 
ers report to him in his new position. 

Skates, who took on responsibility for 
day-to-day operations after giving up his 
post as senior vice president for finance 
and administration, in turn reports direct- 
ly to de Castro. “It’s almost a classic 
U.S. business organization,” Skates 
says. “I’m his only direct reporter, but 
he’s the boss.” He adds that the restruc- 
turing may be two to three years over- 
due, “but it didn’t happen earlier because 
the company was on a roll. Few organiza- 
tions make such changes when they’re 
growing 40% a year.” 

But after the roll came the rock. Begin- 
ning in 1986, Data General’s growth 
slowed, and the company suffered three 
losing years in a row. It also sustained a 
$19.5 million loss in the first quarter of this 
year. But this losing streak may be coming 
to an end. Significantly, Skates has taken 
over de Castro’s traditional role of explain- 
ing financial results. Both say the firm 
should return to profitability in fiscal 1989, 
ending in October. 

OPTIMISM. Some of the optimism in West- 

boro these days results from a revamped 

strategic plan that has three major thrusts: 

continuing to upgrade the proprietary MV/ 

Eclipse computer line; launching a major 

initiative in open systems, especially re- 

duced-instruction-set Unix platforms; and 
making a move into telecommunications 
and networking. 

The first evidence of the telecom initia- 
tive was a contract late in 1987 with Ja- 
pan’s NTT Corp. calling for Data General 
to deliver hardware and software for 
NTT’s private data networks. And Data 
General unveiled its first RISC work sta- 
tions in late February. 

Skates, a certified public accountant, 
says he’s had a long-standing relationship 
with Data General from his days at New 
York-based Price Waterhouse, where 
Data General was a client. He spent 20 
years at the accounting firm and became 
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SKATES: PUTTING DATA GENERAL BACK ON TRACK 


a partner. “I always liked Data General 
in those days, and I became familiar with 
computers and computer companies from 
auditing them.” But he wasn’t content to 
remain strictly a bean counter at Data 
General. “I’ve always wanted to be opera- 
tions-oriented,” he says. 

Part of Skates’s aim at Data General is 
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to “bring a stronger sales and marketing 
focus to the company. The knock on us is 
that we have great products but don’t 
seem to be able to sell them well. The fo- 
cus has been on technology and building 
a better product so people will beat a path 
to our door—but that doesn’t work any- 
more,” he says. —Lawrence Curran 
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For more information, contact Christine Tomovich or Sam Delatorre at (213) 822-1511. 


The MOSIS Service, 4676 Admiralty Way, Marina del Rey, California 90292-6695 
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“iter Design @ Screen/Printer & Pen Plotter 
araphics for Engineers e LaPlace Transfer 
-unction/FFT Analysis @ Logic Simulation e 
%oot Locus Analysis e CAD/CAE e Digital 
ind Analog Signal Processing e Curve 
“iting @ Statistics e Thermal Analysis e 
Math e Microstrip Design and Analysis e | 
Data Acquisition e VISA & M/C Accepted | 


BV Engineering 
Professional Software © 









Davee 
PROTALAOTOMRAN $995 
Full-featured professional PCB lay- 
out for both through-hole and SMD 
designs. Auto component placement 
from Netlists. Interactive and Full 
Autorouting. Support for popular 
printing/plotting formats, including 
Gerber format photoplots. Supports 
up to 4MB of expanded memory. 
Protel offers other fine programs: PROTEL- 
SCHEMATIC, the ea sy to us use s Schematic cap- 
ture program, and YTRAX, the 
easy to learn manual PCB dosign program. 


HARDWARE :1BM PC/AT/XT/PS2 or Companies basen 640K RAM..... 



































EXPAND YOUR PRESENT TUNING STICK™ KIT 


Select the capacity value your circuit needs with 
ease. 

Now it is possible to extend the range of your Tuning 
Stick™ Kit to include all in-between values from 0.1 pF 
to 1000 pF. 

Request ATC TS$1002 (26 values) for $79.95, or ATC 
TS1001 (20 values) for $49.95. Order both Kits for 
$124.99. ATC offers 48 Hour QUIK-PICKS™ Shipment. 


AMERICAN TECHNICAL CERAMICS CORP., One Nor- 


























ORDE R TOLL FREE, CALL: (800) 544-4186 
If you are in CA, HI, AK, or Canada, call: (408) 437-7771 PROVE 


PROTEL TECHNOLOGY INC. 



































2023 Chicago Ave., Stuite B-13 @ Riverside, CA 92507 den Lane, Huntington Station, N.Y. 11746-2102. PHONE: 50 Airport Parkway (808) 437-7771. 
lel: (714) 781-0252 @ U.S.A. @ TELEX: 6503089864 (516) 547-5700 » FAX: (516) 547-5748 * TELEX: 825707 San Jose, CA 95110 fax (408) 437-4913 = _ 
CIRCLE 500 | 
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TUNING STICKS CIRCLE 502 PROTEL TECHNOLOGY 






FREE UV ERASER 
WITH DATA 1/0’S 280 
SET PROGRAMMER. 


For $1595 the 280 gives you: 

= 8 sockets for gang/set programming, 

= Support for EPROM: : 
and EEPROMs 
up to 512K, 

= Full after-sale 
support from 
Data |/O® 

Order a 280 today and get a FREE 

UV eraser —a $40 value. The Datarase II 

erases up to 4 EPROMs in 3 minutes. 


1-800-247-5700 
Ext. 834 


DATA I/O 


Corporation 










































Black and White? 

Or Full Color? 

Now the choice is yours. 

Simply send us your copy. 

54 characters per line X 10 lines Max. 

Plus a black and white glossy, color print, slide, or 
transparency and a two-line headline, max. 30 
characters per line. We'll do the rest. Or you can do 
it all and send us your complete, 2°/,,"w X 3"d 
Negatives (B/W or 4/C) 


PRINTERS WITH IMPACT 


Citizen dot matrix impact printer mechanisms provide 
for the perfect low-cost solution for point-of-sale, data 
logging, etc. Available in 23, 28 or 40 columns, serial or 
parallel, with sprocket feed, autocutter and journal 
winder options. Fast (96 cps) and reliable (over 50 
million character head life). Also available in stand- 
alone versions. 


MELFESS FIVE, INC. 12304 Santa Monica Blvd. 
#121, Los Angeles, CA 90025. (800) 533-2297 
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Tees 
aif ies 
Bs i i4 ) ras es 
fir Fie gt wy 

























- fs | 
Complete Line of Debug Tools 


® Famous Bug Katcher™ makes it easy to attach test leads 
to ICs in LCC, PLCC, PGA, POQFP, and DIP packages. 

® Eliminates need for noisy cables; reduces capacitance 
and inductance in your test set-up. 

@ You can also quickly isolate and reconnect sections of 
your socketed IC with our Bug Isolator.™ (All packages.) 

® Quick turnaround on custom engineering services, if 


needed. For a free catalog, contact: 
Emulation Technology, Inc. KH 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

DEBUG TOOLS 





PAL/PROM Programmer Adapters 


@ Any EPROM programmer designed for DIPs can be 
converted to accept LCC, PLCC, and SOIC sockets in seconds! 
® Toprogram, just insert an Adapt-A-Socket™ between the 
programmer’s DIP socket and the circuit to be programmed. 
@ Designed to fit all types of EPROM programmers, including 
Data 1/0 120/121A, Stag, Logical Devices, etc. 

@ Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: 


Easy Emulator Pods & Adapters 
» Plug your PLCC and LCC packages into your PC board in 
ninutes, with these easy-to-use adapters. 

® Emulator/logic analyzer users: Adapt-a-Pod™ converts 
ne package type to another (LCC, PLCC, PGA, and DIPs). 

® Emulator pods and adapters are available in all standard 
din counts, with ribbon or ribbon cable headers. 

® Custom engineering services and do-it-yourself emulator 
pod converters. Free catalog. 














Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


ADAPT-A-SOCKET™ CIRCLE 528 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


MULATOR PODS & ADAPTERS CIRCLE 526 
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Clips. Solve your “wrong * 150 Types of Prototyping Board Adapters @ 


*% 125 Types of Programming Socket Converters 
* Many Types of Emulator Pod Converters 


orong” problem— * PGA/PLCC Extraction/Insertion Tools 

* And Much, Much More... 
contact us today fora [EVP Emulation Technology, ine. 
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Quality Debugging Accessories Over 150 Prototyping Adapters 


© Protect your ICs from damage. Insert and extract LCC, [7] © Adapt-A-Boards™ make it easy to adapt standard or 
PLCC, PGA, and PQFP packages with the right tool. high-density prototyping boards to a variety of packages. 
® Use receptacle boards to build test fixtures, and mount @ For all package types: LCC, PLCC, PGA, PQFP, SDIP 
your test equipment, in half the time. | (shrink DIP devices), SOIC and more! 
® Get the right production sockets, burn-in sockets, test [|| | © Bottom configurations adapt to wire wraps or solder tail 
leads, and test clips for SMT, SOIC, or PLCC circuits. pins. Boards conform to Mil-C-45204. 
® Quick turnaround on custom engineering services, if ® Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: needed. For a free catalog, contact: 


Quick, Fast Socket Conversion 


® Convert-A-Socket™ makes it a snap to convert a pro- 
duction socket to a test socket and vice-versa. 

@ Complete line of male/female sockets for LCC, PLCC, 
PGA, PQFP, and DIP circuits. 

@ A must if you’re inserting circuits repeatedly in low 
insertion force sockets. 

® Quick turnaround on custom engineering services, if 


needed. For a free catalog, contact: 

Emulation Technology, Inc. Rt 

2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

SOCKET CONVERTERS CIRCLE 531 









Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


ADAPT-A-BOARDS™ CIRCLE 533 


Emulation Technology, Inc. 

2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
DEBUGGING ACCESSORIES CIRCLE 532 
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Make a quick 
Killing in real 
estate. 


Introducing our new high density, highest 
performance Multichip Modules. 

Available now in a variety of SRAM config- 
urations. Or choose custom. We'll work with 
you on defining mechanical and electrical 
requirements, as well as solve design, test and 
assembly issues. 

Either way, we deliver fast, tested CMOS 
SRAM modules that can save you a fortune in 
real estate, design, and manufacturing, while 
speeding up system performance. 

Our new, Cypress data book has one of the 
world’s fastest multiple listings. Call today. 






























— CYMI461, 512K x 8 
SRAM Module 


It’s free. sa 
) ultichip Hotline: 
cYM Zons. 32 | 1-800-952-6300* 
SRAM Module ) | Ask for Dept.C 97 
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CYMI610, 16K x 16 
| SRAM Module 






e~  CYMI6I1, 
Some. 16Kx16 
| SRAM Module 
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*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. © 1989 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134, Phone: (408) 
943-2666, Telex 821032 CYPRESS SNJUD, TWX 910-997-0753. 


